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See Actual 
Performance ! 


See Actual 
Gas Flow Rate! 


DON’T PLAY 
BLIND MAN’S BLUFF 


WITH CHLORINE GAS! 


Put personnel and plant protection first when 
selecting chlorine gas feeders. Safety records 
achieved since the development of the visual 
vacuum design prove this type of feeder to be 
one of the greatest advances ever made in han- 
dling chlorine gas. The Builders Model DVS 
Chlorinizer gives visual proof of operation and 
positive evidence of effective vacuum by means 
of “see-thru’” components. To provide an even 
greater margin of safety, these components 
operate on the shortest gas flow path offered by 
any manufacturer . . . protected by automatic 
safety devices. 
In addition to these safety plus features, 
Model DVS is low in initial cost . . . accurate 
within +4% . offers a 10 to 1 metering range 
. is not subject to chlorine “ice” problems nor 
tray odors. This Chlorinizer is easy to install... 
requires minimum maintenance .. . is readily 
adapted to any mode of control . . . and is fully 
backed by Builders money-back performance 
guarantee!! Request Bulletin 840-N10. 
Builders-Providence, Inc., 368 Harris Ave., 
Providence 1, R. I. 
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RATED AERATION 


A SMALL UNIT SEWAGE TREATMENT PROCESS 
FOR 20 TO 5,000 PEOPLE 


e Odor free 

e@ Nuisance free 

e Lowest cost sewage treatment 
Low original cost 


Low cost sewer lines... 
plant located within subdivision 


Low operating-and maintenance costs 


Economically expendable . . . for area 
planning of future sewage systems 


Small, compact plant area 
Centralization means more homes per acre 


e Expandable-by multiple units 
e Exclusively successful standardized balanced equipment 


e Applicable in steel or concrete units 


Equipment Application Information Available to your Engineer From 
Chicago Pump Company Distributors Located In Every Principal City. 


More than 250 Installations Since 1955 


Putting Ideas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 
Chicago Pump Company 


622 OIVERSEY PARKWAY + CHICAGO 14, ILLINOIS 
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SEWAGE AND INDUSTRIAL WASTES I7la 


Dispose of Sewage Sludge 
the Modern Way 


INCINERATE 


* 


OR DO BOTH IN ANY PROPORTION... 


The widespread acceptance of the C-E Raymond System 
is based on its solid advantages. This compact system com- 
bines the principles of Flash Drying and Incineration in a 
unit in which filter cake can be reduced to a sterile ash... 
or flash-dried to a salable fertilizer and soil conditioner. 
Revenue from the latter is often sufficient to pay a sub- 
stantial part of plant operating costs. 


Either operation can be performed alone, or combined 
. in any desired proportion. Effective high-temperature 
deodorization of stack gases is available for both processes. 


A C-E Raymond System can mean an end to your com- 
munity’s sludge disposal problems... as it has in munici- 
palities across the nation. Contact the Combustion office 
nearest you for specific recommendations. A C-E specialist 
will be glad to discuss your requirements and help plan an 
installation with you or your consultants. B-998A 


COMBUSTION ENGINEERING & 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Cal. 

Canada: Combustion Engineering-Superheater Ltd. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 


. 
FLASH DRY IT TO A MARKETABLE FERTILIZER... F 
__ with a versatile C-E Raymond System : 
=| 
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Ric: =, ‘an 


SEWAGE AND INDUSTRIAL WASTES 


FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 


J. Finneui Univ. of Alabama, 
University, Al 


Arizona Sewage and Water Works Assn.* 
STANFORD I. Rotu, Sec.-Treas., 813 Jefferson St., 
Phoenix, Ariz 


Arkansas Water and Sewage Conf.* 
Dr. C. W. Oxrorp, Sec.-Treas., University of Ar- 
kansas, Fayetteville, Ark 

California Sewage and Industrial Wastes Assn. 
Arrrep D. Lerpzic, Sec.-Treas., 12000 Vista Del 
Mar, Venice, Calif 

Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas., Administrative Of- 
fice, 72 Grenville St., Toronto, Ont., Canada 

Central States Sewage and Industrial Wastes 

Assen. 

Scotr A. Linsey, Sec.-Treas., P. O. Box 3598, 
Childs Rd., St. Paul, Minn 

Dakota Water and Sewage Works Conf. 


North Dakota Section* 
W. Van Hevveten, Sec.-Treas., c/o State Dept. of 
Health, Bismarck, N. Dak 


South Dakota Section* 
Don C. Katpa, Sec.-Treas., c/o Div. of Sani- 
tary Engineering, State Board of Health, Pierre, 
S. Dak 

Federal Sewage Research Assn. 
Hortye, Sec.-Treas., Public Health Service, 
Rm. 4123, South HEW Bldg., Washington 25, 
D. ¢ 


Florida Sewage and Industrial Wastes Assn. 
Ratpu H. Baker, Jr., Sec.-Treas., State Board 
of Health, P. O. Box 210, Jacksonville 1, Fla 

Georgia Water and Sewage Assn.* 


4. T. Storey, Sec.-Treas., 1210 Hemphill Ave., 
N.W., Atlanta, Ga 


(Germany) Abwassertechnische Vereinigung 
LascH, Sec.-Treas., Theaterstrasse 24, 
Bonn, Germany 
Institute of Sewage Purification 
W ‘romwell Place, South 
Kensington, London, S$ 7, England 
Institution of Public Health Engineers 
RNeEST V. Batsom, Se 118 Victoria St., West- 
minster, S. W. 1, London, England 


Iowa Sewage and Industrial Wastes Assn. 
.. F. Skorezesk1, Sec.-Treas., 207 South 15th 
Ave., Marshalltown, Iowa 

Israel Assn. of Sewage Engineers 
Eviezer Barasua, Sec., c/o Technion, Israel In- 
stitute of Technology, P. O. Box 4910, Haifa, 
Israel 


SNOOK, Se 


Kansas Sewage and Industrial Wastes Assn. 
James F. Arken, Sec.-Treas., 407 City Bldg 
Wichita, Kans 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bldg., Nashville 3, Tenn 


Louisiana Conference on Water Supply and 
Sewerage * 
Grorce H. West, Sec.-Treas., P.O. Box 15, Water 
Dept., Lake Charles, La 


Maryland-Delaware Water and Sewage Assn.* 
W. M. Brnctey, Sec.-Treas., 2411 N. Charles St., 
Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas., Michigan Dept. of 
Health, Rm. 334, Admin. Bldg., Lansing 4, Mich 

Mississippi Sewage and Industrial Wastes 

Assn. 
Rosert A. Gerper, Sec.-Treas., Mississippi State 
Board of Health, Jackson, Miss 


* Sewage and Industrial Wastes Section 


Missouri Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas., State Office Bldg., 
Fourth Floor, Jefferson City, Mo 


Montana Sewage and Industrial Wastes Assn. 
W. Crarxson, Sec.-Treas., Div. of Environ- 
mental Sanitation, State Board of Health, Helena, 
Mont 

Nebraska Sewage and Industrial Wastes Assn. 
V. J. Lecutenspers, Se Treas., 614 Standard Oil 
Bldg., Omaha, Nebr 


New England Sewage and Industrial Wastes 


t R. Howarp, Sec.-Treas., Bureau of Public 
Works, 115 Broad St., Hartford, Conn 


Jersey Sewage and Industrial Wastes 


ANTHONY T. Leaney, Sec.-Treas., State Dept. of 
Health, River Rd., Trenton 8, N. J 


New York Sewage and Industrial Wastes Assn. 
Ratpu C. Sweeney, Sec., c/o State Dept. of 
Health, 55 Church St., White Plains, N. Y¥ 


New Zealand Sewage and Industrial Wastes 
Assn. 
Ronatp Hicks, Sec., Auckland Metropolitan 
Drainage Board, C. P.O. Box 208, Auckland C. 1, 
New Zealand 


North Carolina Sewage and Industrial Waste 


3RANNOCK, Sec.-Treas., Water and Sewage 
3 Woodland Ave., Burlington, N. C 


Ohio Sewage and Industrial Wastes Treatment 
Conf. 

Cieamon Lay, Sec.-Treas., Div. of San. Engr., 

Dept. of Health, 101 N. High St., Columbus 15, 
Ohi 


Oklahoma Water, Sewage and Industrial Wastes 
Conf.’ 
H. M. Crane, Sec.-Treas., 3400 Northeastern, 
Oklahoma City 5, Okla 


Pacific Northwest Sewage and _ Industrial 
Wastes Assn. 
Gutpert H. Dunstan, Sec.-Treas., P. O. Box 176, 
Pullman, Wash 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
J. R. Harvey, Sec.-Treas., c/o Pennsylvania Dept. 
of Health, 996 So. Main St., Meadville, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Ropert J. Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P. R 


Rocky Mountain Sewage and Industrial Wastes 


Pratu, Sec.-Treas., P. O. Box 149, 
Englewood, Cok 
South Carolina Water and Sewage Works 
Assn.* 
Wa. G. Crossy, Sec.-Treas., Water Pollution Con- 
trol Authority, Wade Hampton Bldg., Columbia, 


(Sweden) Fireningen Fir Vattenhygien 
Erik Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 
(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 
Pierre Sec., 


Hegemmatt 28, Zurich, 
Switzerland 


Texas Water and Sewage Works Assn.* 
V Enters, Sec.-Treas., 2202 Indian Trail, 
Austin, Tex 
Utah Sewage and Industrial Wastes Assn. 
Howarp Hurst, Sec.-Treas., 479 Harvard Ave., 
Salt Lake City 11, Utah 
Virginia Industrial Wastes and Sewage Works 
Assn. 
Orvat J. Hann, Sec.-Treas., Hercules Powder Co., 
Hopewell, Va 
West Virginia Sewage and Industriul Wastes 
Assn. 
Gien O. Fortney, Sec.-Treas., State Dept. of 
Health, Charleston 5, W. Va 
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For Columbus’ new expansion to 120 mgd.... 


Plant Manager, James H. Blodgett, and Uhimann 
Associates, consulting engineers, faced tough 
problems in doubling the capacity of a pre- 
viously expanded activated-sludge plant. 


To get top plant performance, the complex 
instrumentation—both old and new—would 
have to be pulled together. Twenty year 
old meters would have to be modified, re- 
built, or replaced to work alongside today’s 
improved models, telemetering total influ- 
ent for the entire expanded plant to one 
central control point. 


Here’s why Simplex was selected to solve 
these problems. Simplex redesigned and 
will rebuild the old venturi tube receivers 
to perform dependably and accurately 
alongside the newest venturi tubes and 


meters—specially engineered by Simplex to 
Columbus’ exact requirements. From this 
integrated system of old and new units 
spread over a big plant area, Simplex 
Orthoflow® will electrically transmit vital 
influent data to one central control point 
—instantly, accurately. 


Your Plant. We'll gladly help you in expand- 
ing your old plant or planning a new one. 
Write today outlining your problem. 
Simplex Valve & Meter Company, Dept. 
SI-5, 7 East Orange Street, Lancaster, Pa. 


SIMPLEX 


VALVE AND METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


Central States Sewage and Industrial Wastes 
Assn. 


Arizona Sewage and Water Works Assn. 


Sweden (Foreningen for Vattenhygien) 


New York Sewage and Industrial Wastes 


Assn. 


\labama Water and Sewage Assn. 


Ne 
Assn. 


England Sewage and Industrial Wastes 


Marvland-Delaware Water and Sewage Assn. 


Ohio and Industrial Wastes Treat 


ment Conf. 


sewage 


Iowa Sewage and Industrial Wastes Assn. 


Michigan Sewage and Industrial Wastes Assn. 


Institute of Sewage Purification 


Pennsylvania and Industrial Wastes 


Assn. 


sewage 


Place 


Purdue Univ. 
Lafayette, Ind. 


El Conquistador Hotel 
Tueson, Ariz. 


Consert Hall 
Oerebro, Sweden 


Hotel 
Catskills, N. Y. 


Grossinger 


Alabama Poly. Inst. 
Auburn, Ala. 


Colonial Hotel 
Mass. 


Gardner, 


Francis Seott Kev Hotel 


Freder ick, Ma. 


Commodore Perry Hotel 
Toledo, Ohio 


Hotel Chieftan 
Couneil Bluffs, Iowa 


Charlevoix Hotel 
Mich. 


Charlevoix, 


Floral Hall 
Southport, England 


Penn. State Univ. 
University Park, Pa. 


May 


May 


June 


( Re i 


June 


June 


June 


June 


Time 


5-7, 1958 


4—6, 1958 
ised Date 


4-5, 1958 


June 2: 


June 


13-15, 1958 


THIRTY-FIRST ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 

in conjunction with 

Michigan Sewage and Industrial Wastes Association 
Sheraton-Cadillac Hotel, Detroit, Michigan 


October 6-9, 1958 
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May 16-17, 1958 
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INFILCO SEWAGE TREATMENT 
biel he qouce 


Sewage plant of Washington 


County Sewer Improvement 

District No. 1, at Bartlesville, 
Okla.. is compact and efficient 
with INFILCO equipment. 


Engineering by Wood & Craig 
Consulting Engineers, Tulsa, Okla. 


Equipment includes 80 COLAFLEX™ diffusers. 


FLOW DIAGRAM: DESIGN AVERAGE FLOW 0.39 M.G.D. 
INFLUENT 


FINAL 
CLARIFIER 


EFFLUENT 


MIXER — STABILIZER 


Only 5 to 6 hours are required for throughput ‘iin the of the Bartlesville installation include a Gripuctor® 
Biosorption® high-rate activated-sludge treatment comminutor, a mixer-stabilizer with CoLaFLex® dif- 
plant equipped by INFILco—as compared to 10 to 12 fusers, WS clarifier and floating cover for digester. 


hours for conventional equipment. Main components Overall results are excellent. Here are typical figures. 


Average B.0.D. (p.p.m.) Suspended Solids (p.p.m.) 


Period Ave. 
" Flow Raw Final % Raw Final % 
nis MGD Sewage Effluent Removal Sewage Effluent Removal 
/14-. 


2/3'55 197 


18 90.8 225 


20 91.0 


If your problem involves greater volume in less time advanced line of equipment are available to you. Write 
from less space—at lower cost—consult INFILCO today for full information on the interesting Bartles- 
because INFILCO KNOWS HOW to help you solve it. Over ville installation and Bulletin No. 


60 years of experience and the most complete and 


I N FI LCO INC : Inquiries are also invited on all 

Gasnesh Otten, other water and waste treating 
problems including coagulation, 
precipitation, sedimentation, 
The ONE company offering filtration, flotation, aeration, 


Tucson, Arizona 


equipment for ALL types of | ion exchange and _ biological 
water and waste treatment. processes. 


FIELO OFFICES THROUGHOUT THE UNITED STATES AND FOREIGN COUNTRIES 
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STRENGTH PLUS 


Chicago, lll. —Cast Pipe 
for installation of new water main 
under West Madison Street 


THE MAN WHO CHOOSES 
CAST IRON PIPE TODAY 
WON'T PAY FOR IT AGAIN 
TOMORROW! 


Cast tron Pipe Research Association 


Thos. F. Wolfe, Managing Director 
Suite 3440, Prudential Ploze, Chicago }, till 


Iron 


Corpus Christi, Texas —Cast Iron Pipe installation 
in filtration plant showing 48” discharge manifold which 
is connected to 48" Cast Iron city supply line. 
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_ HIGH FLOW 


You get BOTH with 
CAST IRON PIPE 


*Here’s the proof of flow 


FLOW FACTORS FOR CEMENT LINED CAST IRON PIPE 


TEST SECT VELOCITY AGE war 
LOCATION SIZE IN FEET FPS. YEARS “'C” FACTOR 


Bowling Green, Ohio 20” 45,592 0.7-24 New 1425 
Chicago, Illinois 36” 7,200 2.636 New 147 
New Orleans, La. 39,650 12-29 New m1 
Corder, Mo s" 21,350 0.9-2.3 New 143 
Univ. of tlinois 400 3.14 New 150 


Concord, New Hamp 14" 500 1.7-2.2 New 1st 


Concord, New Hamp. 20-34 


West Palm Beach, Fia. 12” 500 3.65.4 1s 1395 
Greenville, $. C 30" 87,376 242.7 12 1485 
Corpus Christi, Tex 30" 65,641 1.1.18 6 146 

Summerville, $. C $00 198-243 13 142.5 


Champaign, Illinois 3,920 3.156 22 139.3 


"Available upon request: Booklet containing flow test and table, on Cast lron Pipe 


Here’s the proof of strength 


CRUSHING STRENGTH: 


- Standard 6” Class 150 cast iron pipe will withstand 
a crushing load, under standard tests, of 17,900 pounds per foot . . . important 
where heavy fill or shock from heavy traffic loads are encountered. 

BEAM STRENGTH: . 


n 


- Settlement soil movement, or disturbance of the soil by 
underground construction places a heavy strain on pipe. A length of 6” class 150 
cast iron pipe bears up under a load of 20,790 pounds and deflects over 2 inches. 
BURSTING STRENGTH:.. 


Tests prove that standard 6” class 150 cast iron pipe 
. withstands internal pressure of 3000 pounds per square inch . . . providing 
a safety factor ample to resist high working pressures and water hammer. 


4, JOINT STRENGTH... A full range of leak-proof, low cost, easy-to-assemble 
joints for pipe and fittings are available to meet all conditions. 


5. CORROSION RESISTANCE . . . Cast Iron Pipe resists corrosion . . . vital factor in 
its proven long life and dependability. 


*Based on independent laboratory tests. 


FOR MODERN WATER WORKS 
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Your city’s future cian 


1 am adequate water supply 


Mr. George W. Welsh, Jr. (left 
Louis A. Hauptman, 
pumps in Stella Maris Pumping Station. 


INDUSTRIAL 


WASTES 


, Deputy Chief of Bureau of Operations for Baltimore County, and 
Asst. Superintendent of Pumping Division, inspect Fairbanks-Morse non-clog 


Baltimore County gets ready for growth 


Forecasting a population of 700,000 by 
1975, Baltimore County, Maryland, is 
not to be caught short for sewage- 
handling facilities. Since 1948 this fore- 
sighted community has spent an aver- 
age $5,000,000 a year for expansion of 
facilities—and plans to have over 70 
pumping stations by the end of this 
year. 

Over two-thirds of the pumps in the 
system are Fairbanks-Morse, driven 
by F-M motors. Typical of F-M ability 
to meet exact requirements are the in- 
stallations of F-M_ bladeless-impeller 
pumps, designed for non-clog, trouble- 


free operation. 

Like so many communities today, 
Baltimore County finds exclusive ad- 
vantages in working with Fairbanks- 
Morse—because the broad F-M line 
provides the ideal combination: the 
right type, right size pumps driven by 
the right type, right size diesel engines 
or electric motors—all backed by un- 
divided F-M responsibility. Why not 
investigate what F-M unmatched ex- 

erience and facilities can do for you? 
Nrite today to Fairbanks, Morse & Co., 
Dept. SIW-5, 600 S. Michigan Avenue, 
Chicago 5, Illinois. 


Ask for F-M Bulletin 5410K on Non-Clog Pumps. 


FAIRBANKS-MORSE 


a name worth remembering when you want the BEST 


PUMPS + SCALES « 


DIESEL LOCOMOTIVES AND ENGINES « 


ELECTRICAL 


MACHINERY « RAIL CARS * HOME WATER SERVICE EQUIPMENT «> MAGNETOS 
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MILLION-YEAR-OLD WONDER CHEMICAL 
HELPS 


Bituminized Fibre Pipe 
Exceed Federal Specifications $$-P-356 


From bituminous coal, formed by Nature millions of years ago, 
comes coal tar pitch—one of the wonder chemicals of today. On all 
types of outdoor structures, roads, roofs—wherever successful water 
and corrosion resistance is a must—there coal tar pitch has proved 
its lasting effectiveness. 

Bermico, the tough cellulose fibre pipe, for house-to-septic tank 
or sewer connections, is thoroughly impregnated with coal tar pitch. 

It exceeds Federal Government performance requirements for Water 
Absorption — Crushing Strength—Chemical and Kerosene Resistance— 
Hot Water Resistance—Heat Resistance — Resistance to Flattening — 
Beam Strength. 

That's why more and more code authorities throughout the coun- 
try are including Bermico bituminized fibre pipe in their codes. 


Inquire about new full-color movie: ‘Modern Pipe 
For Modern Living.’’ Write Dept. JB-5, Brown Com- 
pany, 150 Causeway St., Boston 14, Mass. (Mills: 
Berlin, N. H.; Corvallis, Ore.) 


Speed up installation with: 


BERMICO’ 


house to sewer or septic tank 


BERMISEPTIC’ 


for septic tank disposal fields 


Guarantee of (Quality B 
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SEWAGE 


IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 


strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 
required. 


AND 


INDUSTRIAL WASTES 


IOWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


Waite Tooay for dosenipitine, Sitinatane, 


1OWA FLAP VALVES—ali 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required. 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


1OWA SLUICE GATES—can be used 
in lines having both seating and unseat- 


IOWA SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


For 45 years a reliable source for 
precision engineered products 


| 


ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


IOWA VALVE COMPANY 


A Subsidiary of 
James B. Clow & Sons 


Oskaloosa, lowa 
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SEWAGE AND INDUSTRIAL WASTES 


GRAVER SYSTEMS 
TREATMENT 
OF COMPLICATED 
Bullding missles is PLATING WASTES 


complex job. Thousands 
of intricate parts must be 


machined to close tolerances at 
and plated or coated with a \ 
MARTIN-ORLANDO 


wide variety of materials to 
resist corrosion and guarantee 
dependable performance during 
flight. Many are chrome plated. 
silver plated, anodized, phosphatized. 
pickled, passivated or processed in 
other ways. An unusually large number 
of acid and chemical wastes results, 
including nitric acid, hydrofluoric acid. 
sulfuric acid, caustic and cyanide. 
Handling these wastes is a complex 
problem in itself. 

Martin-Orlando of Florida, builders of 
guided missiles, selected Graver to supply all 
units and auxiliary equipment for a treatment 
plant based on plans and specifications prepared 
by the Architect-Engineers. Graver, working with 
the consulting engineers, fabricated and installed 
a plant which handles this treatment problem simply 
and directly. Four integrated systems effectively treat 
all wastes in the spent baths and rinse. The plant 
is safe, efficient and simple to operate and maintain. 


This installation is only one of the many modern 
plating waste treatment systems Graver has furnished 
for large and small manufacturers in every field. 
Graver supplies all types of equipment, from simple units 
to entire plants and makes available a complete service. 
including research and development, manufacturing and 
installation, when required. Whatever your waste treatment 

. requirements. Graver has the modern designs, equipment and 
processes to do the job efficiently ... economically. Every 
installation is tailored to specific needs. 


e ludustrial Waste Treatment Dept. W-520 
GRAVER WATER CONDITIONING CO. 
Division of Union Tank Car Company 
216 West 14th Street, New York 11, N. Y. 


Architects & Engineers: 
Connell, Pierce, 

Garland & Friedman 
Miami, Florida 


INFORMATION 
AND 
LITERATURE! 
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1978 WATER 


Even today after two decades of rapidly 

advancing costs, many cities have been forced to 
operate without rate increases for periods of 

twenty years or more. What the next twenty years may 
bring in operating costs no one, of course, knows. 

It is certain, though, that the water carrying 
installations using concrete pressure pipe will be in the 
best position to keep costs at the very minimum. 


Concrete pressure pipe has virtually complete 

freedom from corrosion, and tuberculation. This means 
not only minimum maintenance costs but also 

means sustained carrying capacity to keep pumping 
costs low. Concrete pressure pipe also has the elasticity 
to resist bursting from surge and water hammer. 

And no other pipe is easier to install. 


AMERICAN CONCRETE 
PRESSURE PIPE 
ASSOCIATION 

228 North LaSalle Street 
Chicago 1, Illinois 


PRESSURE: 


WATER FOR GENERATIONS TO COME 
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SEWAGE AND INDUSTRIAL WASTES 


GENERAL CHEMICAL _ 


Where you want it... As one of America’s major producers 
of both dry and liquid aluminum sulfate, General 
Chemical has strategically located plants from coast to 
coast—assuring you of dependable, near-by supply 
almost anywhere in the U.S. and Canada.* 


As you want it... “GC” Alum has met the most rigid 
specifications for more than 50 years. In both dry and 
liquid forms, it is first choice of most industrial and 
municipal users—who know they can count on General 
for the uniform high quality they need. 


When you want it... General Chemical is geared to supply 
fast service at all times. This can be especially 
important when emergencies loom. 


Add them up! Near-by service and supply . . . quality 
and dependability . . . speed. You get them all from 
General Chemical! Call your nearest General Chemical 
sales office listed below for further information. 


Basic Chemicals for American Industry 


GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N.Y. 


Offices: Albany * Atlanta * Baltimore * Birmingham * Boston « Bridgeport * Buffalo * Charlotte 
Chicago * Cleveland (Miss.) * Cleveland (Ohio) * Denver * Detroit * Houston ¢ Jacksonville 
Kalamazoo * Los Angeles * Milwaukee * Minneapolis * New York * Philadelphia ¢ Pittsburgh 
Portland (Ore.) * Providence * San Francisco * St. Louis * Seattle « Kennewick, Vancouver and 
Yakima (Wash.) *in Caneda: The Nichols Chemical Company, Ltd. * Montreal * Toronto * Vancouver 
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ECONOMY 


Recently, a large chemical company in 
Louisiana selected Cen-Vi-Ro Concrete Pressure 
Pipe to move fresh water into its new plant. 
Cen-Vi-Ro easily exceeded the hydrostatic and 
other test requirements, insuring the owners a 
permanent and maintenance-free installation. 
The close tolerances of Cen-Vi-Ro’s precision- 
formed joints ...measured in thousandths... 
combined with special O-ring type Rubber Gas- 
ket Seal assure perfect leakproof connections 
under even the most adverse field conditions. 

Lower first cost plus longer lengths result in 
a more economical installation . . . every time! 


Write for complete Cen-Vi-Ro information... 


, ITSELF, MEANS THE WORLD’S FINEST PIPE! 


* 
CEN—-VI— RO 

comes from CENtrifugally comes from Vibration of comes from ROlling the 
spinning the very dry the spinning form during mixture under great pres- 

“earth-moist'’ mixture, the charging period. Spe- sure applied by a spe- 
fed into the form by belt cially designed vibrator- cially designed steel 
conveyor in uniform tampers on the underside roller. 


of the form do this job. 


“Organized for Service” 


em Vulcan Materials Company 


Materials CONCRETE PIPE DIVISION 
Company P. O. DRAWER 155, BIRMINGHAM, ALABAMA 


A Division of Vulcan Materials Company 
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COMPLETE LINE to Meet Your Exact Needs 


Including many Exclusive Developments 


Utilize our many years of experience in the devel 


municipal and industrial waste tr 


Pp t and e of 


ready to cooperate with consulting and operating 


t. Our staff of engineers is 
gi Ss in gg ti the 


process of treatment and type of equipment best suited to individual needs. 


BIO-ACTIVATION—exclusive system combines 
best qualities of trickling filter and activated 
sludge. Bulletin 259B. 


MECHANICALLY CLEANED SCREENS AND GRINDER 
—with intermittent automatic control. Design 
data in Technical Supplement MS. 


GRIT CHANNELS—exclusive Camp Chamber de- 
sign and Regulator permit easy and instant 
variation in velocity. Design data in Technical 
Supplement CR. 


GRIT SETTLERS—with conveyor, elevator, and 
exclusive Hydrowash unit which removes grease 
and organic matter from grit. Bulletin 249B. 


GREASE FLOTATION UNIT—removes grease and 
oils, produces simultaneous aeration and agita- 
tion, and oxidizes objectionable odors. Bulletin 


SEWAGE AND SLUDGE PUMPS—hori- 
zontal and vertical pumps in wide range of 
sizes, capacities and heads—including cutting 
type primary sludge pumps, enclosed impeller 
type sewage pumps, single vane impelier type 
sewage pumps and recirculation pumps. Send 
for Bulletins. 


SLUDGE COLLECTORS—for rectangular and cir- 
cular tanks... flight type and helicoid cross 
conveyors . .. sludge valves. Bulletin 253B and 
Technical Supplement TV. 


AERATORS—downflow mechanical air diffusion 
type provides thorough and adjustable oxygena- 
tion and circulation of liquor. Bulletin 265A. 


JET AERATION—exclusive method produces an 
unprecedented rate of oxygen absorption. 
Bulletin 265A. 


ROTARY DISTRIBUTORS—reaction and positive 
drive types with exclusive trouble-free oil seal. 
Design data in Technical Supplement RD. 


DOWNFLO FLOCCULATION UNIT—for slow mixing 
and flocculation of chemicals in sewage treat- 
ment ee Design data in Technical Supple- 
ment 


Send for informative bulletins listed above. 


Inquiries on new installations or improvements 
of existing plants will receive prompt attention. 


AMERICAN-WELL Works 


IN OUR SOTH YEAR 


110 North Broadway \ 
AURORA, ILLINOIS 


OF 


Pumping, Sewage Treatment, and 
Water Purification Equipment 
RESEARCH - ENGINEERING - MANUFACTURING 


Mew York Clevelond » Cinncinnoti Konses City Soles Representatives throvghaw the World 
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SEWAGE AND INDUSTRIAL WASTES 


Clay Pipe for Underdrains 


ee it “‘gives the best resistance to sanitary sewage,” 
more than nine miles of Vitrified Clay Pipe were 
specified for Sandusky, Michigan’s new sewer system and 
treatment plant. Clay Channel Pipe underdrains— 
installed in treatment plant sand filters—will handle the 
highly-corrosive wastes found in this service for years to 
come. Because it is the only chemically-inert pipe, Clay 
Pipe is the only pipe that does not deteriorate from the 
corrosive action of sewer acids and gases. 
When you plan sewer improvements, protect the long- 
term investment with Vitrified Clay Pipe ... the only 
pipe with all the features you can trust. 


CONSULTING ENGINEERS: Spicer Engineering Company, Saginaw 
CONTRACTORS: Taylor Construction Company, Saginaw 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1820 N Street, N. W., Washington, 6, D. C. 

311 High Long Bidg., 5 E. Long St., Columbus 15, Ohio * 703 Ninth & Hill Bidg., Los Angeles 15, California 

Box 172, Barrington, Illinois * 206 Mark Bidg., Atlanta 3, Georgia 
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SEWAGE AND INDUSTRIAL WASTES 


Open Channel Meters 


for trouble-free low cost measurement of 


Sewage, Industrial Wastes, Sludge, Irrigation, Water Supply 
Bailey Meters offer these advantages — 


1. Easy to Install and Maintain 
2. Retain Accuracy 
er v 3. Self Cleaning 
BAILEY, 4. Adjustable Capacities 
open 5. Totalize Multiple Flows 
». Chemical Feed Control 
7. Flow and Ratio Controls 
8. Low Cost 
For further information on how Bailey Meters 
can meet your needs, ask for Bulletin M22-5. 


MU25 


| Bailey Meter Company 
1066 Ivanhoe Road ° Cleveland 10, Ohio 
Meters and Controls for Sewage and Water 


Venturi Tubes + Flumes + Weirs + Nozzles «+ Orifices + Direct Mechanical and 
Remotely Located Registers + Air-Operated, Electronic and Electric Controls 
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SEWAGE AND INDUSTRIAL WASTES 


COMPLAINTS: SOLVED 


... With OZENE! 


End odors—and the troublesome com- sewer breaks refuse cans and 
plaints they cause—quickly, easily, trucks 
economically by using OZENE, the ‘Sludge de-watering 
tested and proved material that con- fish-market areas kennels, etc. 
trots odors two ways. OZENE’s dual 0ZENE is a concentrated material and 
it (2) attac the only small amounts are required for 
sulphide-forming bacteria and mold For 
microorganiams. ling sprays, OZENE can be diluted as 
much as 100-to-1. 


OZENE is currently being successfully used in: 


sewage, leather and industrial lagoons specifying items desired (no cost): 
rendering plants new excess-capacity 1. OZENE test samples 

land-fill waste dis- sewers 2. Data on OZENE for odor control 

posal projects If you have a special odor control prob- 


lem, please describe it to receive our 
incinerators recommendation. 


drainage ditches 
dried milk, cheese, 
cannery and other 
food plants storm sewers 


SOLVAY PROCESS DIVISION 


61 Broadway, New York 6, N. Y. 


BRANCH SALES OFFICES: 
Boston ¢ Charlotte * Chicago * Cincinnati ¢ Cleveland « Detroit * Houston 
New Orleans * New York ¢ Philadelphia ¢ Pittsburgh * St. Louis * Syracuse 
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Get waste treatment off 


safe start...with LINK-BELT 


fo a 
screens 


~ 
fOr 


removal of 


large solids . 


THRU-CLEAN SCREENS 
Automatic, chain-operated 
rakes clean from down 


STRAIGHTLINE SCREENS. 
Automatic, cable-operated 
rake cleans from up- 


TRITOR SCREENS. Com- 
bined screen and grit 
chamber saves smaller 


Stream side, are designed 
to eliminate jamming by 
debris. Vertical mounting 
minimizes friction between 
rakes and bars 


stream side, assures clean, 
positive screenings re- 
moval. Easily accessible 
no moving parts are 
mounted under water 


plants the cost of sepa- 
rate units to remove large 
solids and detritus. Shred 
der for screenings can be 
provided, if desired 


™~ 


ROTARY DRUM SCREENS 
Effectively remove fine 
solids from large vol 
umes of water. These 
screens are best suited 
to installations where a 
fixed water level can be 
maintained 


LIQUID VIBRATING 
SCREENS. For thorough 
removal of fine solids 
from industrial liquids. 
High-energy vibration pro- 
vides a_ relatively dry 
product with minimum 
blinding or clogging. 


small 


REVOLVING DISC SCREENS 
For applications similar 
to rotary drum. screens, 
but where volume ts less 
Simplified design contrib 
utes to ease and economy 
of installation. Very little 
maintenance required 


HERE Coarse or fine solids threaten to clog or 
emacs subsequent equipment . where stream 
pollution must be prevented or valuable by-products 
can be recovered — efficient waste treatment begins 
with a Link-Belt screen. This broad line is your as- 
surance Of an impartial recommendation based on 
the specific nature of your waste. For full data, contact 
your nearest Link-Belt office or write for Book 2587. SANITARY ENGINEERING EQUIPMENT 


LINK-BELT COMPANY: Executive Offices, Prudential 


Plaza, Chicago 1. To Serve Industry There Are 
cipal Cities. Export Office, New York 7; Canada 


Scarboro (Toronto 14); Australia, Marrickville 
sentatives Throughout the World 


Link-Belr 


and Sales Offices in All 
(Sydney), 


South Africa, Springs 


Prin- 
Repre- 


Plants 
S.Ww 
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SEWAGE AND INDUSTRIAL WASTES 19la 


The more difficult your sewage odor or treatment 
problems the more startling and definite the proof... 


states authoritative Millburn, 
New Jersey report, appearing in 
April, 1958 issue of Public Works. 


least 
twice 


effective 
other 
products” 


To effectively control odors and suppress sulphide 
formation, no product of its kind compares to 
CLOROBEN in safety, efficiency, and economy. And, 
only up-sewer treatment with CLOROBEN provides 
a non-septic, stabilized influent at the treatment 
plant for efficient operation. 

Remember, CLOROBEN is an exclusive formula, 
the only chemical product of its kind. So, specify 
CLOROBEN, Not CLOROBEN or equal. 

Because CLOROBEN has no equal. 


Yours on Request: Authoritative Technical 
Bulletin, describing CLOROBEN applications in up- 
sewer treatment, sewage treatment plant, septic 
tanks, cesspools, chemical toilets, and industrial 
wastes. Write “cLOROBEN” on postcard or letter- 
head for your copy,sent you promptly without cost. 


Subsidiary of Standard Chlorine Chemical Co., Inc. 


Well worth your attention is the 
complete Millburn history, typical of 
the reports sent us by professional 
sanitation engineers and sewage 
treatment plant operators. 

Located along the Watchung Hills 
in Union County, Millburn is a fine 
suburban community. When vile 
sewage odors began to permeate the 
area in 1953, the residents demanded 
relief. During the summer of 1954 
CLOROBEN was first introduced into 
the sewage collection system, and im- 
mediately stopped odor complaints. 
The CLOROBEN treatment was con- 
tinued through 1954 and 1955 with 
excellent results. All odors were ef- 
fectively controlled in lift stations, 
force mains and low gradient sewer 
lines. 

Then, in 1956, various emulsifiable 
chlorinated benzenes were offered 
the township. Advertising claims in- 
dicated these products were almost 
identical to CLOROBEN. In price they 
compared favorably. So, in 1956 com- 
petitive bids were required, specify- 
ing CLOROBEN or equal. And, the 
contract was awarded to the lowest 
bidder. 

Right after the change from 
CLOROBEN to the cheaper substitute, 
odor complaints began coming in. 
The amount of the chlorinated ben- 
zene used was doubled, then quad- 
rupled. Everything else possible 
was done. Low gradient lines were 
flushed periodically, and lift station 
wet-wells cleaned weekly. But, the 
odor complaints persisted and in- 
creased. Sulphides and pH determi- 
nations were made throughout the 
system. Odorous areas invariably 
showed sulphides at 0.3 ppm or more, 
with pH below 7.5. The situation got 
even worse right up to July 31, 1957, 
when use of the cheap chlorobenzene 
substitute was stopped. On the fol- 
lowing day CLOROBEN was reinstated. 

Results were startling. By mid- 
afternoon sulphides had been re- 
duced 50%, pH was back to 7.5. By 
evening sulphides in lift stations de- 
creased by as much as 80%. And, no 
further odor complaints have been 
received since! Concrete and posi- 
tive proof of the superiority of 
CLOROBEN in controlling odors and 
suppressing sulphide formations in 
sewage! 


CLOROBEN CHEMICAL CORPORATION 


115 Jacobus Avenue, South Kearny, New Jersey 
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ow! Transite Sewer 


varie 


CLASS 1500— 


Transite’s Ring-Tite” Coupling is de- 
signed for high-speed assembly ... pre- 
sents no problem in joining lengths of 


varying crushing strengths or diameters. 
CLASS 2400— 


Transite Sewer Pipe now 
classed by Standardized Crushing Strengths 


Based on A.S.T.M. 3-edge bearing method 
(strength in Ibs. per lineal foot) 


Class Class Class 
2400 3300 


2400 3300 | 
2400 3300 | CLASS 4000— 
2400 | 3300 | 
2400 | 3300 : 

2400 | 3300 | Ary 
2400 3300 | aa a 
2400 | 3300 | 1p" “1 
2400 | 3300 | ’ 
2400 | 3300 | {A 
— | 3300 | 

| CLASS 5$000- 
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CLASS 3300— 4 
Size Class Class 12" 
Inches 1500 5000 LJ 
ue 6 | 1500 | 
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SEWAGE AND INDUSTRIAL WASTES 


Pipe is available in a wide 
of new crushing strengths 


Progressive new concept permits greater efficiency 
in sewer design .. . reduces overall costs 
through closer matching of crushing strengths to needs! 


Here's the biggest sewer pipe ad- 
vance in years! In a revolutionary 
move, Johns-Manville introduces 
five new sewer pipe classifications 
to greatly simplify accurate sewer 
pipe specification . . . permitting 
overall cost saving to a degree 
never before possible. 

Through improved manufactur- 
ing methods, Johns- Manville brings 
you Transite Sewer Pipe in a vari- 
ety of the more widely needed 
crushing strengths: 1500, 2400, 
3300, 4000, and 5000 lbs. ... in 11 
different diameters ranging from 
6” to 36” (see chart). 

Permits greater efficiency in sys- 
tem design. To the engineer, the 
new Transite crushing strengths 


mean new ease in achieving greater 
efficiency in sewer design. For now 
he can plan pipe layouts as he has 
always wanted—selecting pipe on 
the basis of depth of cut, width of 
trench, type of soil and manner of 
bedding. The result: far greater 
overall economy through use of 
more realistic safety factors . 
reduction in the need for over- 
design with costly concrete 
encasement and cradling needed 
in fewer areas. 

Let us send you TR-94A, Sewer 
Design Flow Chart and DS-366, 
Transite Specifications. Write 
Johns-Manville, SI, Box 14, New 
York 16, New York. In Canada, 
Port Credit, Ontario. 


er Jouns=-Manvitte 


Diagram shows you how new Transite crushing 
strength classifications eliminate “overbuying.” 
For example, note here the relationship be- 
tween depth of cut and Transite classifications. 


CLASS 1500 CLASS 2400 CLASS 3300 
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P.F.T.-Pearth Gas Recirculation System. Warren & Van Praag, Consulting Engineers, Decatur. 


Decatur, Illinois installs complete 


modern P.F.T. “Controlled Digestion” system 


Unusual industrial and population growth 
has called for the modernization and expan- 
sion of Decatur’s sewage treatment plant 
three times in recent years. Each time 
Decatur has selected P.F.T. equipment. 
The P.F.T. equipment furnished for the 
most recent expansion is a new digestion 
system which includes: a 70’ P.F.T. Float- 
ing Cover with prefabricated aluminum 
roofing; the P.F.T.-Pearth gas recirculation 
system and Model 750 Digestion Heater and 
Heat Exchanger shown; plus a complete 


Decatur’s 
new P.F.T. 
No. 750 Gas 
Fired Heater 
and Heat Ex- 
changer, with 
accessory 
group B 
controls, 
provides full 
automatic 
digester 
temperature 
control. 
PORT CHESTER, N. 


@ SAN MATEO, CALIF. o 


CHARLOTTE, N.C 


new system of gas piping with P.F.T. gas 
safety equipment. 

The P.F.T.-Pearth gas recirculation sys- 
tem includes a gas compressor rated to 
deliver 150 cfm at 10 psi powered with a 
10 hp motor. Controls are provided to auto- 
matically discharge to each of 4 peripheral 
discharge wells in sequence. 

P.F.T.-Pearth gas recirculation provides 
the most effective means of controlling scum 
formations. This allows the use of the full 
Digester capacity. Combined with close tem- 
perature control with a P.F.T. Heater, rapid 
and complete digestion is assured. Decatur’s 
new “controlled digestion” system is now 
geared to meet the needs of this fast grow- 
ing community. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 


JACKSONVILLE @ DENVER 
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tion. By FSIWA CoMMITTEE ON RESEARCH. 
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Stream Pollution 


Economics of Pollution Control. By Epwarp F. RENSHAW 


The Operator’s Corner 
1957 Operators’ Forum 
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Editorial 


The Units of Expression Final Report 
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fre NEW, It's from 


e increases oxygen 


absorption 


e® reduces sludge clogging 
® cuts plant costs 


Higher effective oxygen utilization—up to 
50% compared with 5 to 6% in conventional 
systems—enables the new D-O Aerator to 
meet increased demands of the more con- 
centrated activated sludges in today’s bio- 
logical sewage processes. 

It’s a brand-new design, proved by exten- 
sive pilot and operating plant work. Basic 
elements are high efficiency turbine type 
impellers and sparge rings for introducing 
air under the lower impeller. The sparge 
ring design virtually eliminates problems 


associated with conventional diffusion type 
equipment. Turbine aeration does not 
depend on constriction to produce small 
bubble size. There is less possibility of clog- 
ging, dead areas and short circuiting of sew- 
age in the event of high entrance velocities. 

What’s more, overall installed costs are 
lower than those of conventional units. The 
new D-O Aerator can be adapted to a vari- 
ety of tank sizes and installed in existing 
tanks. For more information write to 
Dorr-Oliver Incorporated, Stamford, Conn. 


JM orn R-CourveR 


STAMFORD 


WORLD - WIDE RESEARCH 


ENGINEERING 
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1957 Literature Review 


A REVIEW OF THE LITERATURE OF 1957 ON 
SEWAGE, WASTE TREATMENT, AND 
WATER POLLUTION 


By H. HevkeLexian, Chairman, R. MANGANELLI, Vice-Chairman, H. 
EK. J. Bera, R. A. Cannam, C. H. ConNELL, W. E. G. P. Epwarps, 
M. B. Errincer, D. G. FouLKE, T. DES. Furman, I. GeLuMAN, A. E. 
GRIFFIN, H. G. Harpine, R. D. Hoax, W. M. INaram, P. W. KaBuer, 

M. Katz, F. W. L. J. McCape, P. H. McGavuey, 

W. A. Moore, P. K. Mueuuer, R. Porces, E. R. Roru, 

R. C. Specut, A. J. STEFFEN, C. Straus, C. M. 

TARZWELL, G. H. TeELerzKkeE, W. W. Towne, 

H. A. TreBLER, E. C. TsivoGiovu, 
anp R. L. Woopwarp. 


Committee on Research, Federation of Sewage and 
Industrial Wastes Associations 


This section of the Literature Review covers analytical methods 
and sewage. It will be followed by two other sections dealing with 
industrial wastes (ineluding radioactivity) and water pollution, 
These will be published in the June and July issues of THis JOURNAL. 


Analytical Methods 


Biochemical Oxygen Demand BOD after three days of storage varied 
The literature pertaining to the de- between 10 and 30 per cent. 


termination of BOD appearing in the 


Additional References 


° past year Was sparse. 
Bouquiaux and Beaujean (4) report Be a an, P., ~ Consumption of Dis- 
solved Oxygen a Legal Test of Water.’’ 
a study made by three cooperating lab- 


Bull. Centre Belge Etude et Document. 
3 Eaux (Belgium), 65, 192 (1956); Pub. 
number of river water samples. It Health Eng. Abs., 37, 1, 18 (1957). 


was found that considerable variations 


oratories on the analysis of a large 


1j Herman, A., ‘‘Graphie Determination of 
In results were obtained, depending BOD.’’ Bull. Centre Belge Etude et Docu- 


upon the density of the bacterial popu- ment. Eaux (Belgium), 71, 414 (1956); 
lation present. Tests made on the Pub. Health Eng. Abs., 37, 10, 20 (1957). 
same samples in the field and after 
storage for several days at 4° and 20° 
C in the laboratory also showed con- 
siderable variation. The 


Okura, T., ‘‘Determination of Biochemical 
Oxygen Demand.’ Bunsaki Kagaku 
(Japan), 5, 169 (1956); Chem. Abs., 51, 

decrease in 9983 (1957). 
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van Beneden, G., ‘‘Role of Seeding in the 
Measurement of BOD and the Influence of 
Carbohydrates and Associated Flora on the 
Values of BOD.’’ Bull. Centre Belge 
Etude et Document. Eaux (Belgium), 70, 
363 (1956); Pub. Health Eng. Abs., 37, 


10, 20 (1957 


Chemical Oxygen Demand 


Possibly due to failure of the BOD 
test to measure the pollutional strength 
of certain waste interest still 
manifested in the 
chemical oxygen demand test. 

Rabinowitz (22 


waters, 
continues to be 


described an_all- 
glass apparatus for the wet oxidation 
of organic compounds. It is claimed 
that this apparatus makes it possible 
to obtain a high purity BaCO, and 
avoid transfer of sample from the 
preparation tubes, and also aid in the 
determination of the amount of BaCO, 
formed by use of pre-weighed cen- 
trifuge tubes. 

Kleinert and Wincor (13) examined 
the existing methods for the determi- 


nation of COD of polluted waters. 


The method selected depends upon the 
wet-ashing of the sample with H,SO, 


saturated with KI. After dilution of 
the sample to about 350 ml it is boiled 
for minutes to free 
The excess KI is then deter- 


several expel 


iodine, 
mined, 


Additional References 


Chen, S. L., Lawer, F. J. 
Determination in 
a Persulfate Oxidation 
Chem., 29, 1225 (1957). 
Okada, 8., and Uesugi, K., ‘Chemical Oxy 
Demand of Polluted Water.’’ Himeji 
Kogo Daigaku Kenkyn Hokoku, 7, 74 
(1957); Chem. Abs., 51, 18406 (1957). 
Smith, F. G., ‘*Wet Oxidation of Organie 
Matter Employing Perchlorie Acid at 
Graded Oxidation Potentials and Controlled 
Temperatures.’’ Anal. Chim, Acta, 17, 2 


175 (1957). 


and H., ‘‘Carbon 
Biological Material With 


Method.’ Anal, 


oe 
gen 


Dissolved Oxygen 
Okamoto et al. (20) modified Le- 
vine’s polarographic method (Anal. 
Chem., 26, 1297 (1954)) by substitut- 
ing a rotating platinum electrode (600 
rpm). They found that the current at 


INDUSTRIAL WASTES 


May 1958 


0.6 vy was proportional to the concen- 
tration oxygen and that 
no interference resulted from the pres- 
ence of nitrites. In the presence of 
the current re- 
measured following the removal of dis- 
solved oxygen with nitrogen and the 
concentration of oxygen calculated 
from the difference in the current read- 


ings. 


of dissolved 


organic material, 


Todt (29) used gold-amalgam elec- 
trodes having a surface area of 0.1 
sq cm for the measurement of the dis- 
solved oxygen content of moving wa- 
ters. He found that the response time 
was 15 and that the results 
were not affected by the presence of 
HCO, and only slightly by HCl or 
H.SO, at high concentrations. If the 
electrodes were washed with acetic acid 
the readings obtained were constant 
within 5 per cent providing the rate 
of flow was about 2 ml/see. 


sec 


The ap- 
paratus was used to measure the dis- 
solved oxygen content of the Lippe 
River and gave results with + 10 per 
cent in the temperature range of & to 
19°C and a NaCl concentration be- 
tween 0.3 and 1.1 g/l. 


Additional References 

Babkin, R. L., ‘‘Diserepancies in the De 
termination of Oxygen in Water by Differ 
ent Methods.*’ Elek. Stantsii, 28, 19 
(1957); Chem. Abs., 51, 18399 (1957). 

Levine, H. S., and Kleinsehmidt, R. S 
**Prineiples and Problems in Development 
of a Dissolved Oxygen Analyzer.’’ THis 
JOURNAL, 29, 8, 856 (Aug. 1957). 

Potter, E. C., ‘‘Microdetermination of Dis- 
solved Oxygen in Water. I-IV.’’ Jour. 
Appl. Chem. (Brit.), 7, 285 (1957); Chem. 
Abs., 51, 15843 (1957). 

Vulfson, V. I., and Alekseeva, M. D., ‘‘ The 
Application of the Method 
for the Which 
is Dissolved in Ma- 

Akad. (1957); 

Chem. Abs., 51, 


Permanganate 
Determination of Oxygen 
Water.’’ Gidrokhim. 
Nauk, 26, 226 
17031 (1957). 


te rialy, 


Nitrogen Compounds 


In the 
Lear and 


determination of ammonia, 
Mellon (15) used the well 
known pyridine-pyrazolone reaction. 
The variables studied ineluded the 
minimum concentrations necessary, the 


> 
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effect of substituted pyridines, and the 
use of compounds other than pyrazo- 
lone. The actual mechanism of the 
reaction was not determined but it was 
found to be applicable to low concen- 
trations of ammonia. Another ap- 
proach to the determination of am- 
monia was made by Riley and 
Sinhaseni (24) when they used a 
microdiffusion method for the separa- 
tion of ammonia from sea water. They 
found that the diffusion was approxi- 
mately 75 per cent complete after 24 
hr at 70° ©. The recovered ammonia 
was determined by a modification of 
the phenate-hypochlorite method. The 
reduction of NO, and NO, to NH, was 
carried out by using Raney Ni in the 
presence of ethylenediamine-tetraacetic 
acid. 

The determination of total nitrogen 
in Waste samples has interested many 
workers in the field of sanitary chem- 
istry. The results of these studies 
have at last begun to narrow the vari- 
ables concerned. Morgan et al. (19) 
adapted the method of Wallace and 
McKenzie (Australian Jour. Chem., 7, 
59 (1954)) to the field of industrial 
waste waters using macro instead of 
micromethods. Using a mixture of 
amino compounds as a standard, they 
were able to recover about 98 per cent 
of the organic nitrogen present when 
a mercuric sulfate catalyst was used. 
With this catalyst 7 per cent higher 
recoveries were possible than with the 
copper oxide catalyst. Bradstreet (5) 
studied the ratios of H,SO, to Na,SO, 
and K.SO, necessary for Kjeldahl di- 
gestion. He found that a loss of nitro- 
gen oceurred as the digest approached 
a solid state and that Na,SO, required 
a higher ratio, thus making this salt 
unsuitable when refractory compounds 
were present. 


Additional References 
Eder, K., Auxiliary Device for the 
Micro-Kjeldahl Nitrogen Determination.*’ 
Vikrochim. Acta, 2, 227 (1957). 


Hershenson, H. M., and Hume, D. N.,, 
‘*Photometrie Determination of Aliphatic 
Amines.’’ Anal. Chem., 29, 16 (1957). 

Isalva, A. B., ‘‘ Determination of Nitrates in 
Sea Water Using Diphenylamine and 
Photoelectric Colorimetry.’’ Trudy Inst. 
Okeanol., Akad. Nauk (S.S.R.), 19, 304 
(1956); Chem. Abs., 51, 11175 (1957). 

Kirsten, W. J., ‘‘Dumas Microdetermination 
of Nitrogen.’’ Anal. Chem., 29, 1984 
(1957). 

Simonova, L. K., ‘‘ Determination of Nitrogen 
in Complex Compounds.’’? Zhur. Priklad. 
Khim., 30, 160 (1957); Chem. Abs., 51, 
9410 (1957). 

Steensma, F. A., ‘‘ Detection of Nitrites and 
Nitrates, Alone or Combined in Very Di 
lute Solutions.’’ Chem. Weekblad (Nether- 
lands), 53, 110 (1957). ' 


Sulfur Compounds 


Adequate methods are badly needed 
for the determination of sulfur com- 
pounds in sewage and_ industrial 
wastes. This is especially true for free 
sulfur, sulfides, and mercaptans. Ryce 
and Bryce (25) used a gas partition 
chromatographic method for the differ- 
entiation of H.S, various mereaptans, 
and dimethyl and diethyl sulfides. 
These authors outlined a procedure for 
the determination of the sensitivity of 
the method in the presence of air and 
discussed the relationship between the 
retention volume, polarity of the liquid 
column, and the polarizability of the 
gases being analyzed. 

In the analysis of oil refinery wastes, 
Bertolacini and Barney (3) determined 
sulfates in concentrations of 2 to 400 
ppm by reacting them with Ba 
chloroanilate in an acid solution. The 
amount of the  acid-chloroanilate 
formed is proportional to the sulfate 
content and its absorbance was meas- 
ured at 530 mp. They found the 
method to have a standard deviation 
of 1 per cent. Those cations which 
form insoluble chloroanilates are first 
separated by cation exchange. Con- 
centrations of 100 ppm of Cl, NO,, 
HCO, , and PO,* do not interfere. 


Additional References 


Fritz, J. S., Yamamura, 8S. and Richard, 
J., ‘*Titration of Sulfate Following Sepa 
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tion with Alumina,’’ Anal. Chem., 29. 
l 1957 
Joshi, M. K., ‘* Volumetrie 
Determination of 
1957). 
Kurtz, R. B., Beck, _ and 
‘Volumetric 
Sulfate by Titration of 
trate With Potassium 
Siloxene Indicator, ’’ 
543 1957). 
Markova, L. V.., 
cator the 
Sulfate.’’ Ukrain. 
23, &9 1957 
(1957 
Sorbo, B. H., 


Determination 


Method 
Anal 


lodate 
for the CNS 

Chim. 
Kenny, F., 


sevicius, I., 


{cta, 17, 288 
Luko 
Determination of 
Excess Lead Ni 
Chromate Using 
Anal. Chem., 29. 
**Stilbnaphazo as an Indi 
Volumetric Determination of 
Khim. Zhur. | U.S.S.R.) 
Chem. Abs., 51, 10311 


Method for the 
Biochim. 
Chem. 


‘Colorimetrie 
Thiosulfate.’’ 
Acta, 28, 412 (1957 


6435 (1957). 


et Biopliys. 

Abs., §1, 

Halogen Compounds 

Due to conflicting statements in vari- 
ous tests Belcher e¢ al. re-examined 
Mohr’s method for the determination 
of chlorides. They found that the in- 
dicator should be ne utralized in order 
to give better pH control at the end 
point. They also found that the inter- 
ference due to phosphate and arsenate 
was less serious than usually consid- 
ered and that fluoride caused 
ference. In present, its 
effect could be partially masked with 
F. Aluminum gave slightly higher re- 
sults while Zn interference. 
The use of EDTA w as unsuccessful. 

Megregian (17) found that the eur- 
rent generated by the Zr-Pt cell was 
proportional to the F concentration 
2.5 and 20 mg/l. The de- 
termination is simple, requiring 
to 30 min. It found 
a Zr electrode 
indieating 


no inter- 


case Fe is 


fave no 


between 
only 
that 
used as an 
titrating the 
This electrode 


Was also 
can be 

electrode in 
zirconyl ion with F 

gives a sharp rise in potential when as 
little as 2.5 me of F- is 
Brownley and Sellers (6) 
acid-Ti (IV) 


determination of 


present. 
used an 
complex for the 
fluoride. The au- 
thors claim it to be as ace urate as any 
of the methods in use today. It also 
has the pi in a of short eolor de- 
velopment time and the reagents are 
easily available. 

Palin (21) in the determination of 


ascorbic 
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free and combined chlorine substituted 
diethyl-p-phenylenediamine for the di- 
methyl compound. The diethy] 


give 


claimed to 
and the indieator 
stable. In the original 


interferences are discussed. as 


pound is 
point 
tion is 
article 


a sharper 
end 


solu- 


more 


well as giving colorimetric and volu- 
metrie the determina- 
tion of both types of chlorine. 


procedures for 


Additional References 


Gwirtsman, J., Mavrodineanu, R.. and Coe, 
R. R., ‘‘Determination of Fluorides in 
Plant Tissue, Air and Water.’’ Anal, 
Chem., 29, 887 1957 

Kraljie, I., and Mate, M., **Photometrie De 
Micro Amounts of Cya 

Chem. Acta ( Yugoslavia), 
Anal. Abs., 5, 2541 


termination of 
nides.’’ Croat, 
28, 249 
1957 
Kul’berg, L. M., and 
Method for the Specific 
Zhur. Anal, 


(1956 Anal. Abs., 


(1956 


Berzova, L. D., ‘‘New 
Determination of 
Khim. (U.S.8S.R.), 


4, 5, 1537 


Chlorine,.’’ 
ll, 470 
1957). 

Mair, F. J., and Bellack, E. 
Recording of Fluoride in Water.’’ 
Jour. Pub. Health, 47, 1296 (1957 

Murtz, G. V., Viswanathan, T. S.. and 
krishna, U ‘Estimation of Fluorine in 
Microgram Quantities. ’’ Anal. Chim. Acta, 
16, 215 (1957 

Shaup, R. E., ‘‘Removal of Interferenee in 
the Scott-Sanchis Fluoride Determination.’’ 
Anal, Chem., 29, 1216 1957 

West, P. W., and Coll, H., ‘* Direet Spectro 
photometric Determination of Chloride Ton 
in Water.’’ Jour. Water Works 

40, N-485 (1957 


‘Continuous 


Amer. 


Rama 


Ame re 


Assn., 


Organic Compounds 


Lindgren (16) determined gasoline 
and oil in water at a level of 0.1 me/1 
0.05 mg/l. The 
CHCl, extrae- 
separation, and 
measurement at 3.38, 3.42. 
If the zero absorption of 
the water is not known then the method 
could determine 0.2 mg/l. The author 
claims good separation of hydrocarbons 
from other contaminants by this pro- 
cedure. The spectrometric 
method was used by Happ et al. (10) 


with an accuracy of 
method 


chromatographic 


consisted of a 
tion, 
infrared 
195 
and 3.51 


mass 


volatile sol- 
They 


suspended 


in the determination of 


vents in waste water. found 


that dissolved or solids 
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caused no interference since the vapor 
in the absence of air was only intro- 
duced in the mass spectrometer. It 
was found possible to apply the method 
to a single sample or to use a continu- 
ous monitoring system. 

Ravin et al. (23) used a chroma- 
tographic method for the separation of 
mineral oil from stearins. A silica gel 
column adsorbate of the mixture was 
first eluted with 16 per cent isopropyl 
ether in isooctane to recover the min- 
eral oils. The tristearins were recov- 
ered by eluting with 100 per cent 
isopropy! ether, and a mixture of 70 
per cent ethyl ether in isooctane recov- 
ered the distearins. In order to elute 
the monostearins, a 20 per cent solu- 
tion of ethyl alcohol in isopropyl ether 
was used. A high recovery value of 
the various fractions is claimed. 

Daues and Hamner (7) determined 
acrylonitrile in industrial waste 
streams by concentrating and sepa- 
rating it from other components by an 
azeotrophie distillation with methyl 
aleohol, followed by a polarographic 
analysis. The authors claim that the 
method is applicable to a variety of 
industrial waste samples, regardless of 
the other components present. The 
method is sensitive to 0.1 ppm of 
acrylonitrile. 

Mohler and Jacob (18) made a com- 
parison of five different methods for 
the determination of phenolic com- 
pounds in water and industrial waste. 
An evaluation of the methods as to 
sensitivity, precision, accuracy, inter- 
ference, reagents, and time elements 
showed the 4-aminoantipyrine proce- 
dure to be the best. When the coupling 
position of the phenolic compound is 
blocked, the ultraviolet procedure was 
found to be quite useful in either the 
ppm or ppb range. Sass et al. (26) 


determined 1-naphthol by reacting it 
with sodium cupribromide forming a 
No interference 
from 2-naphthol or other phenolic-type 
compounds was encountered in use of 
the method. 


blue-colored complex. 
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Metallic Ions 


Ziegler et al. (31) determined Fe 
(IIL) by reacting it with 8-hydroxy-7- 
iodoquinoline-5-sulfonic acid. They 
found that by replacing the hydrogen 
atoms with a tri-n-butylammonium salt 
a more water-insoluble salt was formed, 
which could be extracted readily with 
isoamyl aleohol. The isoamyl extract 
gave an absorption maximum at 610 
mp, which could be used for the de- 
termination of Fe (III). The effective 
pH range is 2.5 to 7.5. The concen- 
tration of Fe (III) can be determined 
in a 25- to 50-ml sample up to 150 mp. 
The authors also discuss interference 
from ether ions. 

Somers and Garraway (27), in the 
determination of Cu with  biseyelo- 
hexanone oxyldidrazone, found that a 
borate buffer gave better results than 
NH,OH-NH, citrate buffer. The use 
of the borate buffer prevents an excess 
of NH, being present which hinders 
the formation of the Cu complex. The 
blue Cu complex formed develops in 
10 min and is stable for at least three 
hr. The proposed method is unaffected 
by 100 wg of Fe and Al (IIT), Ni, Co, 
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(all in II valence 
CRO,*, and 


Mn, Mg, Ca, Zn 
state) and by 

A number of methods have been pro- 
posed for the complexometrice determi- 
nation of Ca, in the presence of Mg. 
Kuznetsov and Mikhailov (14) used 
the tri-Na salt of 1-(2-carboxy-phenyl- 
azo )-2-hydroxynaphthalene-3,6-disul- 
fonic acid. If Mg is present (concen- 
tration not stated) the titration is car- 
ried out in 0.1 M NaOH solution. The 
color of the indicator changes from 
yellow in the presence of Ca to orange- 
red. The authors say that the presence 
of methylene blue increases the sharp- 
ness of the end point. An almost 
identical method for the colorimetric 
determination of Ca was used by 
Kingsley and Robnett (12). They 
used the di-Na salt of 2-(5-chloro-2- 
hydroxyphenylazo) -4, 5-dihydroxy-2, 7- 
naphthalene-disulfonate, which becomes 
red in the presence of Ca. This re- 
be carried out in a 

solution and the 
authors claim good agreement with 
established methods for the determi- 
nation of calcium. Tucker (30) found 
‘Calcein’’ to be a more sensitive indi- 
eator than murexide. The titration is 
carried out at a pH above 12 in order 
to precipitate any magnesium present. 
The author was able to increase the 
sensitivity of the reaction by the ad- 
dition of thymolphthalein and at the 
same time obtain a more satisfactory 
end point. 

Doubek determined nickel 
colorimetrically with diacetyl dioxine 
in an alkaline solution in the presence 
of sodium tartrate. The red Ni-com- 
plex color obtained is unusually stable. 
However, the optimum relation be- 
tween the reagents used is essential. 


action must also 


strongly alkaline 


(8) 
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Radioactive Elements 


Goldin (9) determined strontium-90 
by a series of precipitations, first as 
the carbonate, then as the chromate 
using Ba as the carrier. Two precipi- 
tations were made as the hydroxide 
and a final one as the carbonate. The 
carbonate was allowed to stand over- 
night to permit decay of Sr® to Yt. 
After dissolving the precipitate in 
acetic acid it extracted with 2- 
thienoyltri-fluoro acetone (5 per cent 
in benzene). The benzene layer was 
finally extracted with IN HNO,, the 


was 


aqueous extract dried, and counted. 


Kahn et al. 
methods for 


(11) developed three 
the determination of 


fae 
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radioactive cesium. These methods 
were then applied to the determination 
of this element in river water in con- 
centrations between and 
me/ml. 

Thatcher and Barker (28) used an 
adaptation of the fluorophotometric 
determination of uranium in the rou- 
tine analysis of water samples. The 
authors claim the method is relatively 
convenient, inexpensive, and reliable. 
The direct determination with the 
solid residue from 10 ml of water was 
made possible and purification of the 
sample is seldom required. The method 
used the high carbonate flux procedure, 
in which the flux solidifies in a dish 
with a white surface having a com- 
paratively high reflectivity. The au- 
thors include a formula for correcting 
the non-quenched light. These same 
authors (1) modified the determina- 
tion of the radium procedure so that 
less time was required. Although the 
method was less accurate for some wa- 
ters, it is precise and accurate enough 
for water potability determination. 
The method involves a BaSO, carrier 
precipitation, filtration through a 
molecular filter, and activity counting 
after a prescribed aging period. 
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Miscellaneous Papers 


A number of miscellaneous papers 
have been published during the past 
year which may be of interest to those 
working in the field of sanitary chem- 
istry. 

Committee on Methods for the Analysis of 


Trade Effluents, ‘‘ Methods for the Determi- 
nation of Non-Volatile Matter Extractable 
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Physical and Chemical Methods 


Stones (142) reported on extensive 
experiments to determine the changes 
oecurring during the settlement of sew- 
age at a prolonged detention period. 
Experiments were made with liter sam- 
ples of sewage allowed to settle for 
18 hr. Biological effects of long de- 
tention were determined using 18-hr 
settling periods of liter sewage sam- 
ples and comparing raw sewage and 
mereuric chloride sterilized samples. 
The per cent reduction in oxygen ab- 
sorbed in 4 hr was generally taken to 
be the purification degree. The puri- 
fication resulting from 18 hr of settle- 
ment of sterilized samples was only 8.7 
per cent compared with 28.9 per cent 
for unsterilized samples, the 15.4 per 
cent difference being attributed to the 
biological action in the unsterilized sew- 
age. Similarly, the reduction in or- 
ganic nitrogen was 51.3 per cent for 
unsterilized sewage and 13.9 per cent 
for sterilized sewage. The net decrease 
in total solids reduction resulting from 
the reduced biological activity in the 
sterilized samples was 40.9 per cent. 
The per cent purification attributable 
to the biological action was found to 
increase with temperature. The addi- 
tion of lime or sulfuric acid in small 
doses hindered the purification, since 
the precipitating effects were more 
than offset by the suppression of the 
biological action. Suppression of the 
biological action was similarly found 
to result from the addition of chro- 
mium. Neither mechanical mixing for 
10 min nor aeration for 30 to 60 min 
prior to settlement was found to have 
any significant beneficial effect. 

Chase (35) reviewed the status of 
flotation in the treatment of sewage 
and industrial wastes. Since coagula- 
tion and floc formation are extremely 
important parts of nearly all flotation 
processes, preliminary laboratory or 
pilot plant studies are needed to de- 
termine the best methods of floccula- 
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tion. There are but few plants of any 
substantial size with more than a few 
years of experience in flotation for the 
treatment of sewage. Removals of 38 
to 55 per cent of suspended solids, 
using overflow rates of 2 to 3 gpm/sq 
ft and detention periods of 10 to 20 
min, have been reported. Applications 
may be the separation of activated 
sludge from aeration tank liquor and 
the thickening of sludge. Pilot plant 
studies are needed before any specific 


application. In industrial waste treat- 
ment, a considerable number of 
successful installations are treating 


wastes from the oil, paper, and food 
processing industries. 

Boucher (21) discussed the applica- 
tions of microstraining in water and 
sewage treatment. The principal ap- 
plication to sewage treatment is for 
polishing the final effluents of trickling 
filter and activated sludge plants. 
Microstraining is not effective for the 
removal of finely divided colloidal 
solids. 

MacLeman (91) presented an out- 
line of procedures for the design of 
grit chambers utilizing Parshall flumes 
or proportional weirs for the velocity 
control. 


Biological Filtration 
Biological Aspects 


Hawkes (69) reported on an exten- 
sive study of biological films in trick- 
ling filters carried on at several sewage 
treatment plants in England. Certain 
parts of the study have been reported 
in previous reviews. It was a conclu- 
sion of the study that the nature of the 
films differs considerably and is de- 
pendent on the type of sewage treated. 
The films encountered on filters treat- 
ing domestic predomi- 
nantly bacterial with algae appearing 
on the surface. Filters treating trade 
wastes developed fungal growths in 
winter months. 
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The role of the macrofauna living 
within the filter slimes was also in- 
vestigated. It was reported that, while 
the strength of the sewage appeared to 
determine the amount of film rather 
than the filter loading rate, tempera- 
ture and the grazing activity of the 
macrofauna play a large part in the 
seasonal fluctuations of the bacterial 
films. The fluctuations of the fungal 
films, however, were not accounted for 
by differential grazing activity, but the 
grazing fauna was important in check- 
ing the winter fungal accumulation and 
probably assisted in the spring un- 
loading. Attempts were made to con- 
trol and to eliminate the insect larval 
population by use of insecticides, bio- 
logical controls, variations in media 
size, alternating double filtration, and 
changes in the periodicity of dosing. 
It was concluded that the most effec- 
tive method of controlling excessive 
film growth was by controlling the fre- 
quency at which the sewage is applied 
to the filter area. It was also found 
that the efficiency of the filter varied 
inversely with the film accumulation 
and that elimination of one insect 
larval species by treatment with an 
insecticide may, in some eases, result 
in the establishment of another more 
efficient grazing population. 

An investigation of the organisms 
living in the slimes of various trickling 
filters was reported by Feldman (49). 
Fourteen species of molds, including 
10 genera, were isolated. Four species 
of midge flies and two genera of mites 
were observed. The filter fly (Psy- 
choda), nematodes, rotifers, and cili- 
ate protozoans were found to be com- 
mon inhabitants of the filter. The 
following fungi were identified: Geo- 
trichum candidum, Fusarium aquae- 
ductum, Penicillium, Cephalosporium, 
Tricho- 

and 


Epicoccum, Cladosporium, 
I 


derma, Aspergillus, Phoma, 
Rhodotorula. 

Calaway (30) in reporting work 
which had been done on the intermit- 


tent sand filters points out that the 
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principal workers in the 
treatment of sewage are: 


biological 


1. Zoogleal bacteria such as Zooglea 
ramigera, 

2. Aerobic spore formers such as 
Bacillus cereus. 

3. Yellow bacteria such 
bacterium aquatile. 

4. The so-called alkali-producing 
bacteria as represented by Alcaligenes 
faecalis. 

5. The 


Noca rdia ° 


as Flavo- 


typical soil actinomyeete, 


6. The Streptomyces. 


These bacteria are responsible for 
the breakdown of the various organic 
substances contained in the sewage. 
The zoogleal bacteria are probably 
most efficient in carbohydrate break- 
down. The Flavobacteritum and the 
Bacillus are chiefly responsible for the 
decomposition of organic nitrogen 
compounds. The role of the Alcali- 
genes, while not completely understood, 
is believed to utilize materials di- 
gested but not absorbed by other or- 
ganisms. The Nocardia and Strepto- 
myces are apparently humus digesters. 
The protozoan population of the filter, 
primarily members of the ciliate group, 
are bacterial feeders and most of them, 
particularly the holotrichs, are im- 
portant because of their ability to 
consume and flocculate the bacterial 
turbidity. 

The assimilation of humus materials 
(the residue of bacterial action) is ac- 
complished by the metazoa present in 
the sand bed. The flat worms, annelid 
worms, nematodes, rotifers, water 
mites, insects, and insect larvae com- 
pose the majority of the metazoan 
population. The annelid worms pres- 
ent are relatives of the tubifid 
worms (members of the oligochaet 


close 


group), and having an insatiable ap- 
petite for sludges and slimes aid in 
keeping the bed open and accessible 
to oxygen. 

Lawton and Eggert (83) reported 
that slime growths developed readily 
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on experimental filters dosed with 
highly saline sewage, provided the 
BOD loading was not excessive. It 
was noted that filter growths, devel- 
oped from low salt content waste, suf- 
fered shock effects when high saline 
wastes were applied but that the slimes 
became acclimated to the high salt diet 
in one to five days. The same shock 
effect was noted when the saline con- 
tent was suddenly reduced but the 
period of recovery was usually much 
quicker. 

The ability of the microbes which 
inhabit the aerobic biological treatment 
systems to flocculate was reported by 
McKinney (96) as their most impor- 
tant characteristic aside from metabo- 
lism. Bacteria were found to floceu- 
late more easily than the fungi. The 
role of algae in the treatment process 
is chiefly oxygen production and the 


removal of inorganic substances. 
Protozoa feed on the bacteria, thus 


reducing their number and aiding in 
providing a clarified effluent. The fil- 
ter was found to be most efficient in 
removing the organic load when the 
bacterial population was in the log- 
arithmic growth phase. However, floe- 
culation is lowest during this period. 

The breakdown of nitrogenous com- 
pounds by biological transformation 
was reported by Delwiche (42). The 
mechanisms of organie breakdown— 
deamination, decarboxylation, decom- 
position of sulfur-containing and basic 
amino acids, heterocyclic amino acids, 
purines and pyrimidines, and oxida- 
tion of amines—were discussed. The 
reactions were illustrated by chemical 
equations together with the metabolic 
products of numerous species. The 
fact that the formation of nuisance 
compounds can be prevented by main- 
taining an adequate supply of oxygen 
of ammonia nitrification 
nitrates (which in turn 
stimulate the growth of the algal flora, 
important were 


stressed. 


and the role 
in providing 
oxygen producers) 


vertical 


Using an 


experimental 
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sereen trickling filter, Schulze (126) 
was able to study and examine micro- 
scopically the bacterial films associated 
with biological filtration. Using a set- 
tled sewage, strengthened by the addi- 
tion of whey, heavy layers of film were 
developed up to a total thickness of 
16 mm. After 41 days of operation, 
several different colonies of bacteria 
were apparent—creamy white, clear 
gelatinous, and light brown clumps. 
The first group was identified as 
Beggiatoa alba, the second, gram-nega- 
tive rods of the zoogleal family, and 
the last, fungi. When the strength of 
the sewage was reduced (the whey 
omitted) and the tests repeated, the 


bacterial film which developed was 
quite different than previously ob- 
served. This film was light or dark 


brown in color and never increased to 
more than 1 to 2 mm in thickness. No 
pronounced development of the black 
anaerobic inner zone was observed and 
it is believed that the maximum depth 
of the aerobic zone is approximately 
2 to 3 mm. 


Operation and Results 


The efficiency of biological filters 
using various methods of operation was 
reported by Peach (116). Two experi- 
mental filters, 6 ft in diameter, were 
filled with three layers of granite 
media. The bottom layer consisted 
of 1 ft of 3-in. stone on which was 
placed 3 ft of 2-in. media with 1 ft of 
0.75 in. aggregate completing the fil- 
ter. The filters were operated using 
alternating double filtration, two-stage 
operation, and standard recireulation 
of settled effluent. It was found that 
the two-stage operation gave better re- 
sults than either of the other methods. 
Early in the study it was found that 
ponding of the primary filter became 
a problem and it was necessary to re- 
place the 1-ft layer of 0.75-in. media 
with 2-in. stone. 

During the 30 months the two-stage 
operation was being investigated, the 
BOD of the settled sewage being ap- 
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plied to the primary filter averaged 
191 ppm and the hydraulic loading 
rate was 507 gpd/eu yd. The BOD 
was reduced to 58.6 ppm by the pri- 
mary filter and to 20.4 ppm by the 
secondary filter, giving an over-all re- 
duction of 89 per cent. The final 
effluent contained 12.2 ppm of nitrates. 

It was also reported that the pe- 
riodicity of dosing plays an important 
role in the prevention of ponding 
where the filters are operated at a 
high dosage rate. 

Using a strong industrial waste and 
6 Pyrex tubes, 3 in. in diameter, 
6 ft long, and filled with 0.375- to 
0.75-in. clinkers, Byrom (29) con- 
ducted an experiment to determine the 
effect of intermittent dosing on experi- 
mental filters. The rate of application 
was maintained at 100 gpd/eu yd 
throughout the experiment and the fre- 
quency of dosing was set at 1.5-, 2.5-, 
8-, 12-, and 17-min intervals with one 
filter dosed by continuous drip for 
control. In order to eliminate the ef- 


fect of individual filters, the period- 


for each filter was 
varied at random. In summarizing the 
results, Byrom notes that maximum 
removal, based on the percentage of 
standard 4-hr oxygen absorbed from 
permanganate, occurred when the dos- 
ing interval was set at 8 min. It is 
also noted that over-all average re- 
moval was higher when the filters were 
drip fed (61.0 per cent) than when 
the filters were fed intermittently 
(60.7 per cent). 

Three methods of recirculation were 
investigated at Halifax in an attempt 
to determine an economical method of 
inereasing plant efficiency. The re- 
sults of this work were reported by 
Lumb (89). The variations in the 
recirculation procedure are described 
as follows: 


1. True recirculation. Returning 
settled trickling filter effluent to the 
influent line of the same filter. 

2. Pseudo-recirculation— Type I. 
Returning the highly nitrified effluent 


icity of dosing 
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of one filter to the 
another filter. 

3. Pseudo-recireulation— Type II. 
Returning the effluent from a ‘‘Sim- 
plex’’ aeration tank to the influent line 
of a trickling filter. 


influent line of 


This work was first initiated on a 
laboratory scale and expanded to a 
pilot plant study utilizing the pseudo- 
recirculation (Type Il) method when 
its attractive possibilities became evi- 
dent. After favorable results were ob- 
tained from the pilot plant study, full- 
scale operation was undertaken. Based 
on operational data over a 12-month pe- 
riod, it was concluded that the full- 
seale filters were able to treat over 
twice the normal sewage loading and 
produce an effluent which was superior 
in all respects except that the nitrate 
content was low. 

Tedeschi and Lueas (145) reported 
that an experimental up-draft filter 
was able to treat effectively sewage at 
several times the normally accepted 
loading rate. This filter, 7.5 ft. in 
diameter and containing 9.5 cu yd of 
media, was covered over and equipped 
with an 18-in. diameter stack or chim- 
ney. This innovation provided an up- 
draft through the filter which ap- 
parently accelerated the rate of oxida- 
tion. 

Based on the assumptions that (a) 
a trickling filter is a self-regenerating 
absorption tower, (b) each unit depth 
of the filter will remove a constant 
fraction of the removable BOD applied 
to that unit depth, (¢) removable BOD 
is the fraction of the observed BOD 
which can be removed by biosorption, 
and (d) the quantity of BOD that can 
be absorbed by one unit volume of 
filter has a maximum limit, Stack 
(139) developed formulae which give 
the theoretical performance of a trick- 
ling filter with and without recircula- 
tion. While the usefulness of these 
equations has not been substantiated, 
there is agreement between the theo- 
retical curve and actual values. It is 
anticipated that the formulae may be 


¥ 
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useful in interpreting and predicting 
trickling filter performance. 
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Activated Sludge 


Since the cost of compressing air 
is the major cost of power in an acti- 
vated sludge plant, a great deal of 
attention continues to be directed to 
the study of oxygen transfer and aera- 
tion requirements. Bargman, Betz, 
and Garber (14) reported the air de- 
mands at the Hyperion plant were 60 
per cent greater than at other high- 
rate activated sludge plants because of 
the high average sewage temperature, 
the long average raw sewage flow time 
(8 hr) to the plant, and the septic 
condition of the sewage. About 75 to 
85 per cent over-all removal of BOD 
and suspended solids is obtained and 
the quality of the effluent is relatively 
independent of the strength of the raw 
sewage. They conclude that the high- 
rate aeration method suffers from a 
basic instability and requires close and 
eareful supervision for best operation. 
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Friedman and Lightfoot (51) made a 
preliminary study of oxygen transfer 
to an aerated copper-catalyzed sodium 
sulfite solution to determine the effect 
of impeller geometry on rate of oxy- 
gen absorption. For the four-bladed 
paddle impellers, the rate of oxygen 
absorption was independent of air flow 
at a given impeller speed over a wide 
range of operating conditions. In this 
range oxygen absorption equaled K, 
a N*D® where K, was the volumetric 
mass transfer coefficient of oxygen ab- 
sorption, NV the rate of rotation of the 
impeller, and PD the impeller diameter. 
Only at very low values of N*D® did 
an inerease in gas rate increase K,. 
Eckenfelder (46) discussed the me- 
chanics of oxygen transfer and pro- 
posed a method for the design of 
aeration systems. Important factors 
include the oxygen saturation charac- 
teristics of the sludge-waste mixture, 
the magnitude and variability of the 
oxygen utilization rate, the operating 
temperature level in the tanks, and the 
oxygen transfer characteristics of the 
waste and of the aerating devices used. 

Pilot plant studies by Budd and 
Lambeth (26) indicated that, as com- 
pared with conventional activated 
sludge, the use of high purity oxygen 
would permit a reduction of about 50 
per cent in the secondary treatment 
area requirements and as much as 30 
per cent in volume. The operating 
power requirements for both systems 
were essentially the same. Okun (111) 
found that, if long periods of zero 
dissolved oxygen were avoided, the 
level of dissolved oxygen did not affect 
the efficiency of treatment or the rates 
of activity of the organisms, as meas- 
ured by the rates of oxygen utiliza- 
tion. 

Ullrich and Smith (150) have re- 
ported on the operation of the bio- 
sorption process at Austin, Texas. 
This process consists of a short contact 
period of sewage with sludge, followed 
by reaeration of sludge. With an aver- 
age sewage-sludge contact period of 


= 
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38 min and 5.2 hr reaeration, more 
than 90 per cent removal of BOD and 
suspended solids was obtained. Ullrich 
(149) found that the biosorption proc- 
ess was less temperamental than con- 
ventional activated sludge and that it 
required less than half the aeration 
capacity. It is little affected by shock 
loads and there was no bulking or 
frothing. 
cessfully used for a modern shopping 
center, according to Burde (27). 

Clinton (36) illustrated with two ex- 
that small activated sludge 
plants are capable of handling seasonal 
peak loads and heavy shock loads. Pre- 
aeration should be provided ; with very 
heavy shock loads, chemical precipita- 
tion may be used. Capacity of the 
aeration tanks must provide 30 eu ft 
per pound of BOD applied. Efficient 
air diffusers are important. 

A pilot activated sludge plant 
(Kessner type) studied by 
Sladecek (131) for nearly two years. 
The types of predominant protozoa in 
the sludge given. The bulking 
of activated sludge was accompanied 
or preceded by a rise in the quantity 
of organisms in the sludge. A tem- 
perature of 7 to 13°C is considered 
as the optimum for stable purification. 
At temperatures below and above this 
range, purification falls off. 

Vosloo and Finsen (151) conducted 
experiments on the additional purifica- 
tion obtained by aerating trickling fil- 
ter effluent prior to secondary sedi- 
mentation. The humus sludge became 
activated, and effective oxidation of 
ammonia to nitrate was obtained. In 
addition, substantial reductions in bac- 
terial numbers were obtained by this 
method of treatment. 

A study of 11 contact aeration plants 
in New Jersey by Wilford and Conlon 
(157) that the 
capable of efficient sewage treatment 
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and can remove more than 90 per cent 
They re- 
ported that these plants have provided 
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an adequate solution of the sewage 
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treatment problems at realty develop- 
ments. 

Operating results for the high-rate 
activated sludge plant at Wuppertal- 
Buchenhofen, Germany, have been re- 
ported by Méhle (106). In this plant, 
air is added in large bubbles through 
1.5-in. open pipe. The dissolved oxy- 
gen in the aerators was maintained at 
0.5 to 1.0 ppm. The sludge contained 
many few flagellates, but 
rarely other protozoa. Biologically it 
was hardly activated sludge. With a 
1.6-hr aeration period, an average of 
60 to 72 per cent BOD was removed 
from the settled sewage. Air consump- 
tion varied from 430 to 700 eu ft per 
pound of BOD removed. 

Eckenfelder and (48) dis- 
cussed the various factors in organic 
waste disposal by the activated sludge 
process and presented simplified com- 
putations for plant design. 

Frothing still causes trouble in acti- 
vated sludge plants. Sparr (138) de- 
scribes the causes of foaming and meth- 
ods for its control. He believes that 
an effective and economical defoamant 
must be a water-insoluble liquid with 
a specific gravity less than water. It 
must have a low pour point and a low 
and nearly constant viscosity. In ad- 
dition to good ‘‘knockdown,’’ the de- 
foamant must have a residual effect. 


bacteria, a 


Porges 


Disinfection 
The U. S. 


Army Chemical Corps 
continues to emphasize the general sub- 
ject of nuclear radiation for the treat- 


ment of sewage. In January 1957 
(11) it was announced that disinfec- 
tion of sewage by means of ionizing 
radiation was to be undertaken under 
their direction at the Armour Research 
Foundation of the Illinois Institute of 
Technology, Chicago, Illinois. In July 
of the same year an announcement was 
made through the trade journals (12) 
that another research project of the 
same general nature at the Armour 
Research Foundation, also under the 


jurisdiction of the Army Chemical 
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Corps, has indicated that nuclear en- 
ergy might be used to sterilize sewage 
for 0.25 cents per gallon. In the 
same report it was stated that about 
2,000 times as much radiation is re- 
quired to kill bacterial spores as is 
needed to kill a human. The treated 
sewage, however, would not become 
radioactive enough to be a_ public 
health menace. 

The viability of Escherichia coli to 
heat and chlorine has long been a 
debatable subject. Chambers and 
Tabak (34) heated EF. coli suspensions 
at 71°C for 30 sec. These suspen- 
sions, when no survivors were left, 
showed no growth in subsequent incu- 
bation in metabolites. Similarly, when 
these organisms were chlorinated until 
no survivors were left, no growth was 
obtained upon subsequent incubation 
in metabolites. When a few organisms 
survived chlorination, large increases 
in growth occurred on incubation with 
metabolites. These results should be 
especially valuable when the question 
of bacterial development of a tolerance 
to disinfection is under debate. 

Dunlop (45), based on data obtained 
while investigating the bacterial con- 
tent of sewage used for irrigation pur- 
poses, feels that there is a direct 
correlation between MPN of coliform 
organisms and enterococci in water 
and the incidence of Salmonella. Un- 
less the coliform count is kept below 
23,000 per 100 ml, Salmonella may be 
found. In this work it developed that 
Ascaris ova and Endamoeba coli were 
reduced by approximately 50 per cent 
in the primary settling phase of the 
treatment. Only 20 per cent of the 
Ascaris ova remained in the chlorinated 
effluent but 46 per cent of the cysts 
remained. These animal parasites 
proved to be considerably more re- 
sistant to chlorination than the bac- 
teria. 

In Great Britain, subsequent to 
World War II, the infections of cattle 
with Cysticercus bovis (the larval stage 
of the human tapeworm) has been in- 


creasing at an alarming rate. Re- 
search (129) to prevent the disease 
has led to the sewage treatment plant. 
Here it was found that air-dried sludge 
does not kill the ova. Rapid sand 
filtration and microscreening will re- 
move up to 90 to 95 per cent of them. 

It was reported (7) that iodine in 
concentrations used for drinking water 
disinfection will kill amoebic cysts. 
Use of iodophors, mixtures of iodine 
and a carrier, increases its stability in 
water and may make its use more 
popular. The amber iodine color, as 
long as a solution is effective, is a 
unique and useful property of the 
iodine preparations. 

Sawyer (122), working in the lab- 
oratory under ideal conditions, and 
in the field where conditions are usu- 
ally far from ideal, has found that 
sodium hypochlorite may be more ef- 
fective on an equivalent chlorine basis 
than gaseous chlorine when applied to 
a sewage. He attributes this to the 
side reactions which take place in the 
local low pH areas near the point of 
chlorine injection. In these areas a 
portion of the chlorine is used up rap- 
idly, leaving just that much less in the 
sewage to kill bacteria. 

Besselievre (19) adds this word of 
caution where hypochlorites are used 
—watch its strength. He says that 
sodium hypochlorite loses about 1 per 
cent of its available chlorine strength 
per week. Thus, storage facilities and 
truck delivery schedules should be 
carefully calculated. 


Sludge Digestion 
Theory and Mechanism 


The problems of determining the 
exact sequence of events in anaerobic 
fermentation of sewage were consid- 
ered by several authors. Kaplovsky 
(79) noted that the abundant inter- 
mediate products of decomposition— 
the volatile acids—are the product of 
a diversified group of organisms which 
are difficult to isolate as individual 
strains. Bloodgood (20) suggested 
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further that a mixed culture may be 
absolutely necessary to convert com- 
plex organic matter to methane, 
which most writers believe results from 
the decomposition of the volatile acids. 
The value of volatile acids determina- 
tions in digester operation led to an 
effort to find less time-consuming and 
complicated methods for their analysis. 
Frook (52) described a direct phos- 
phorie acid distillation method using 
Kjeldahl apparatus which recovers 
more than 98 per cent of the volatile 
acids (acetic, propionic, n-butyric, and 
n-valeric) expected in solution in di- 
gester sludges. The entire procedure 
requires but 2 hr. Calculation of re- 
sults, the author concludes, should be 
based on propionic rather than acetic 
acid. Development and test results of 
a manometric apparatus large enough 
to measure oxygen uptake of various 
substances which occur in sewage were 
reported by Coaker and Murray (37). 
This procedure employs two 3-necked, 
1-liter flasks connected to a manometer 
which measures differences up to 70 
em. 

Inhibition of the sludge digestion 
process was reported. Dietz (44) noted 
a 50 per cent reduction in digester 
gas production when 200 me of radio- 
active sulfur per pound of sludge was 
introduced. Mixed fission products 
eaused a reduction of 35 per cent; 
‘adioactive phosphorus, 13 per cent; 
while radioactive iodine was not in- 
hibitory. At 50 me per pound none 
but the mixed fission products caused 
any decrease. Stander and Gien (140) 
determined that copper in the range 
of 4,000 to 13,000 ppm is toxie to 
sludge digestion. Eighteen per cent 
of the added copper passed into the 
raw sludge, of which 97 per cent ac- 
eumulated in the solid phase of the 
digester contents. When digestion was 
reestablished, after failure due to cop- 
per toxicity, acclimatization to copper 
was observed upon the resumption of 
copper feeding. In laboratory scale 
systems sludge digestion was inhibited 
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(53) by 33 ppm creosote. In South 
Africa, Gien et al. (58) found poor 
digestion of night soil to be caused by 
high concentrations of ammonia and/ 
or dissolved solids. When at least 
eight volumes of water were added to 
one of night soil, anaerobic digestion 
proceeded satisfactorily. 

Proposals to dispose of blood from 
a 300-animal abbatoir were abandoned 
when experiments reported by Single- 
ton (130) showed high CO, and H,S 
production, excessive scum and foam, 
high BOD of supernatant, indescrib- 
able odor, and greatly increased diges- 
tion time. 

Greene (64) observed progressive 
reduction in gas production per pound 
of volatile solids over a period of years. 
The condition was attributed to de- 
tergents although no supporting evi- 
dence was submitted. Textile wastes 
were observed by Anderson (2) to de- 
crease gas production until digester 
failure occurred and textile wastes 
were excluded from the sewers. In 
Germany, according to Liebmann (85), 
gas production has been increased by 
the addition of leaves. Gas production 
from agricultural wastes has also been 
produced. Digestion was found in- 
effective in killing the bacillus of tu- 
berculosis. Digested sludge dried for 
five weeks was reported by Greenberg 
and Kupka (63) to contain viable or- 
ganisms. 

Horasawa (75) found that the ad- 
dition of fish materials or allied animal 
materials in garbage is useful in ac- 
eelerating gas production of digesting 
night soil. Night soil digested at 30° 
C for 30 days produces 130 to 200 ml 
of gas per gram of volatile solids. The 
amount of gas produced from fish ma- 
terials digested with night soil was 
200 to 300 ml of gas per gram of 
volatile solids. 


Effect of Additives 


Carlson and Cornell (32) reported 
that a small digester receiving 4,500 
lb of ground garbage per week devel- 
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oped 3 to 3.5 ft of seum and showed 
evidence of poor digestion over a pe- 
riod of two years. Enzymes were 
added at a rate of about 7 lb per 
month. After 9 months the seum had 
disappeared and the sludge appeared 
well digested. Pearson et al. (117) 
found, however, that carefully con- 
trolled experiments reported in the 
literature showed no beneficial results. 
Experiments run by members of this 
committee confirmed these results and 
led to the conclusion that the bio- 
catalytic additives tested had no bene- 
ficial effect on sludge digestion or in 
grease liquefaction. In faet, a decrease 
in grease digestion and an inerease 
in volatile solids were observed. 


New Developments 


Microbiological production of sulfur 
to meet the sulfur shortage in the 
United Kingdom was attempted on an 
experimental scale by Butlin, Selwyn, 
and Wakerley (28). A scheme was de- 
veloped whereby a portion of raw 
sludge was subjected to methane 
fermentation. The gas produced from 
this step was used to sweep out the 
H.S produced from the reduction of 
sulfate in which the remainder of raw 
sludge served as hydrogen donor. The 
sulfate content of the raw sludge was 
augmented by the addition of wastes 
high in sulfate content. Burde (27) 
described a unique plant for a 1,400- 
employee shopping center in which ex- 
cess raw sludge, after a 90-min re- 
activation, is aerated in a digester for 
about 6 days. The resulting sludge 
is stable and easily dewatered, con- 
taining 1.6 per cent solids in compari- 
son with 1 per cent in the influent. 
Provision is made for a 28-day storage 
of aerobically-digested sludge. Golu- 
eke, Oswald, and Gotaas (61) com- 
pared the value of raw sewage sludge 
and green algae as a source of nutrient 
in anaerobic digestion. Algae grown 
on domestic sewage were separated and 
digested. Best digester performance 
oceurred at 50°C with 11- to 30-days 
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digestion. The maximum permissible 
load was not determined but is greater 
than 0.18 lb volatile matter per cu ft 
culture volume per day. Approxi- 
mately 8 cu ft of gas were produced 
per pound of volatile matter. This 
averaged 30 per cent CO, and 65 per 
cent CH,. 

In a new proprietary device de- 
seribed by Forrest (50) sewage sludge 
is digested anaerobically with continu- 
ously circulating digester gas intro- 
duced at 0.125 to 2.0 efm per foot of 
the longest horizontal cross-sectional 
dimension of the tank. Sludge is re- 
moved at a low rate and settled in a 
second tank. Minish (105) describes 
the use of a heat pump to heat a di- 
gester so that the gas produced might 
be sufficient to flash dry the digested 
sludge. 


Digester Operation and Maintenance 


Morgan (107) noted that gas re- 
circulation is a more stable process 
than unmixed digestion, and found 
the rate of mixing to be related to the 
tank diameter. 

Lohff (88) discussed the importance 
of gas and sludge recirculation to ac- 
celerate digestion and thus reduce the 
cost of the digestion plant. Proper 
procedures call for recirculation of 
sludge from one stage to the influent 
of the preceding stage, and for per- 
mitting sedimentation of the more com- 
pletely digested sludge, in the final 
stage. Some of the principal causes 
of failure of digesters were discussed. 
Accumulations of grit and trash caus- 
ing loss of capacity and interfering 
with heating were common. Schreiber 
(125) reported a volume loss of 15 per 
cent in 12 digesters at Washington, 
D. C., in about 16 years. Gas and 
water injected at high pressure 
through flushing nozzles, sampling 
wells, and pipes inserted through re- 
lief covers were combined with a non- 
clog pump inserted through opening 
for gas dome to remove accumulation. 
Only 1 of 12 digesters retained its pip- 
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ing intact. Sections of all piping in 
the others had fallen under weight of 
grit and trash. Lee (84) reported the 
digester of a small plant to be half-full 
of gravel. Overloading led to re- 
furbishing of the plant. Sudden fail- 
ure of two plants at Norfolk, Virginia, 
was reported by Miller and Barron 
(104) to be caused by raw sludge over- 
load, scum build-up, and the restriction 
of heat circulation by scum. Experi- 
ence showed that whenever the gas 
analysis revealed more than 35 per 
cent CO,, trouble was imminent. With 
a constant CO, watch, it has been pos- 
sible to take effective action, whereas 
pH and volatile acids fail to show 
critical conditions until it is too late. 

Causes of failure of several digesters 
receiving industrial wastes were sum- 
marized (56). were cited in 
which feathers formed a scum blanket; 


Cases 


solvents and toxic compounds de- 
pressed gas production; citrus wastes 
inhibited digestion and _ produced 


scum; and chromium, cadmium, cop- 
per, cyanides, etc. destroyed digestion. 
As a result of experience in starting 
up new digesters, Shafer (128) con- 
eluded that initial fresh solids feed 
should be limited to 10 per cent of 
design capacity; temperature should 
be raised to 90-95° F before introduc- 
ing fresh solids; and seeding should 
be done if possible. Lime treatment 
was found to be effective if volatile 
acids were above 3,000 ppm and if 
addition is continued until volatile 
acids are reduced below 1,000 ppm. 
Gas with 60 per cent CO, was success- 
fully burned in heaters at low pressure, 
although a maximum of 35 per cent 
was found suitable for gas engines. 


Digester Design 


Experiences described by Schreiber 
(125) led to the conclusion that bottom 
slopes in digesters should be steeper; 
that sampling tubes and piping should 
be located to facilitate the objective 
of obtaining true sample contents; and 
that adequate facilities for cleaning 
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should be ineorporated into digester 
design. Langford (82) cautioned that 
while accelerated digestion is possible, 
the designer should consider field 
limitations such as power failure, sick- 
ness of personnel, ete. He warned that 
a reduced degree of digestion in the 
interests of high-rate digestion can be 
dangerous, and differentiates between 
high-rate, which may be only partial 
digestion, and accelerated digestion in- 
volving recirculation of sludge or gas. 
Lynn (90) published a nomograph by 
which the designer may rapidly com- 
pute the gross dimensions necessary to 
meet any required effective volume of 
digester; also a nomograph for the 
rapid ealeulation of heat requirements 
of a sludge of any particular concen- 
tration applied at a given rate per day 
and maintained at any given tempera- 
ture. 

Orford (113) presented a committee 
report suggesting the adoption of 
specified standard units for the expres- 
sion of digester loading, detention pe- 
riod, reduction of solids, gas produc- 
tion, ete., to replace the multiplicity 
of units now used by various designers. 
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Sludge Disposal and Utilization 


Sewage sludge processing and dis- 
posal patterns were discussed instruc- 
tively by Meier (99). He concluded 
that the sludge disposal facilities of 
primarily residential towns of 25,000 
population or less will continue to 
practice anaerobic digestion followed 
by drying beds. In larger plants 
vacuum dewatering followed by proe- 
essing for preparation of soil condi- 
tioners will receive increased interest. 

Stolley and Fauth (141) described a 
continuous process designed to extract 
and recover grease, to dewater the 
fresh sludge, and to recover the solids 
for soil conditioning. Cost of sludge 
disposal in this way was estimated at 
$36 per ton of dry solids. The process 
was not considered economical until 
the return for the dry meal exceeded 
$10 per ton and a market could be 
found for the black fat. Its compo- 
sition and fuel value were thoroughly 
analyzed. For drying sludges, Hey- 
mann (73) has obtained a patent cover- 
ing an endless vibrating filter media 
belt. 

Interesting innovations for sludge 
disposal were reported in_ several 
articles. In Los Angeles (109), a T- 
mile long, 20-in. diameter ocean outfall 
discharges sludge to an underwater 
canyon at a depth of 320 ft. The 
replacement of the present sewage irri- 
gation farms in Berlin, Germany (38), 
involves the construction of modern 
sewage treatment plants in which pri- 
mary and activated digested sludge is 
to be vacuum filtered and drum-dried. 
Treatment efficiencies and operating 
costs are given by Haseltine (68) for 
a primary plant in which digested 
sludge is elutriated, vacuum filtered, 
and the cake hauled away by farmers. 
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The combination of industrial wastes 
with sewage frequently does not permit 
digestion of the sludge. Thus, Saun- 
ders (121) describes the handling of 
fresh sludge for barging to sea. 

Hydraulic handling of incinerated 
solids is the most economical according 
to Hampton (67), provided adjacent 
land is available. Pneumatie methods 
are the most expensive. Brisbin (23), 
studying the flow of concentrated sew- 
age sludges in 4- and 6-in. pipes, con- 
eluded that at 65°F fresh primary 
sludges at 8 to 10 per cent total solids 
concentration exhibit 6 to 8 times the 
friction losses of water. At the same 
solids concentration digested sludges 
are less resistant to flow than fresh 
sludges. 


Sludge Concentration 


Behn (16) critically reviewed the 
theory of sludge thickening on an ex- 
perimental basis. Qualitatively, the 
mechanism of thickening involves zones 
of hindered settling, transition, and 
compression. Quantitatively, sludge 
concentration appears to be described 
best as a function of settling velocity. 
Behavior of a suspension in the com- 
pression zone appears to be analogous 
to soils consolidation. Eckenfelder and 
Melbinger (47) analyzed the theory 
on a similar basis. 

The present experience concerning 
flotation as a means for thickening 
sludges was reviewed by Chase (35). 
Dissolved compressed air flotation con- 
centrates primary sludges to 6 or 7 
per cent total solids and activated 
sludges to 3 per cent total solids in 
about 30 min. Where applicable, flo- 
tation should require one-sixth of the 
total area of sedimentation tanks. 

A two-stage sludge-thickening and 
concentrating device was described by 
Smith (132). The end product re- 
sembles the discharge from a sludge 
vacuum filter, but power and chemical 
costs were claimed to be lower. 

Purchas (118) dealt with the sizing 
of different types of rotary vacuum 
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filters from laboratory data. Cornell 
et al. (40) related experiences with a 
continuous rotary belt filter, dewater- 
ing water softening, black liquor, 
photographic plant, and corn refining 
plant waste sludges. Determination 
of optimum conditions for each sludge 
was necessary in each case. The slur- 
ries resembled sewage sludges in that 
the maximum attainable rates ranged 
from 4.5 to 14 psf/hr. 

At Union City, Tennessee (93), the 
storage problem of fresh primary acti- 
vated sludges prior to vacuum filtra- 
tion was solved by installing sludge 
drawoff lines at various levels of the 
tank and using mild aeration to mini- 
mize stratification. Toward the end 
of the initial 18-months’ operating pe- 
riod, chemical has leveled off 
at about 4.0 per cent ferrie chloride 
and 6.0 per cent calcium oxide on dry 
matter. Average yields were about 3 
psf/hr using the coilspring filter me- 
dium. 
ences with stretching of the coilspring 
filter medium at Winnipeg, Canada. 
This phenomenon was due to scaling 
in the helixes of the coils. Factors con- 
tributing to the scaling were the type 
of sludge, water supply, and condition- 
ing. The stretching effect was con- 
trolled by changing the cross-sectional 
shape of the wire used to manufacture 
the coiled springs and by occasional 
desealing with inhibited hydrochloric 
acid. During the first year the average 
chemical dosage was 2 per cent ferric 
chloride and 9.0 per cent calcium oxide 
on dry matter. The yields varied from 
4.5 to 7.5 psf/hr for primary digested 
elutriated sludge. 

Vacuum filtration experiences using 
fixed cloth filter media were described 
by Baron (15) and Locke (86). Using 
not more than 2 per cent ferric chlo- 
ride on dry matter and primary di- 
gested elutriated sludges, a yield of 
about 6.5 psf/hr was reported. Pre- 
liminary indicated synthetic 
cloths to be superior to wool. How- 
(144) did not find a 
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synthetic cloth to be superior to flannel. 

Caster (33), Gerdel (55), and 
Bubbis (25) reported that in spite of 
elutriation, the use of lime in addition 
to ferric chloride reduced chemical 
costs, and in one case increased yields 
from 2 to 4 psf/hr. Taylor (144) 
investigated conditioning, elutriation, 
and filtration of a primary digested 
sludge containing oily industrial 
Contact time after addition 
of ferric chloride appeared to be opti- 
mal after 20 to 40 min. In the elutria- 
tion process, compaction and clarifica- 
tion of supernatant could be improved 
by adjusting the pH to 5.5 with sul- 
furic acid. Crundall (41) described 
the use of aluminum chlorohydrate. 
The material has the empirical formula 
Al,(OH),Cl,, is marketed in solu- 
tion containing 15 per cent Al,O,, and 
has a pH of about 3.0. The chemical 
is being used to condition sludge prior 
to vacuum filtration. Drying bed ex- 
periments with various types of 
sludges indicate that dosages of 0.5 to 
3.5 per cent, as Al,O,, decreased drying 
time 50 per cent. Results of labora- 
tory experiments claim 1 per cent as 
Al,O, to be as effective as a ferric 
chloride dosage of 3 per cent as 
Fe,Q,. 

Pressure filtration of sludge in 
Great Britain was described in detail 
(120). Sludge from a community of 
175,000 people is conditioned with 10 
per cent copperas and 36 per cent lime. 
The conditioned sludge is transferred 
to 1-ton filter presses and is kept under 
pressures up to 100 psi for 3 hr. Cake 
of 45 per cent total solids is produced 
from 7 per cent sludge. Operating 
costs were divided as follows: 45 per 
cent—chemicals, 40 per cent—labor, 
10 per cent—cloths, 4.5 per cent— 
power, and the remainder—mainte- 
nance. 


wastes. 


By conditioning a fresh primary and 
trickling filter sludge with about 6 per 
cent ferric chloride, the required dry- 
ing bed area was reduced to 700 or 900 


square feet per 


10,000 population 
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(134). Bowers (22) required 5,694 
sq ft per 10,000 population for a di- 
gested sludge with exemplary drying 
bed care but without conditioning. At 
Richmond, England (9), dried sludge 
is removed from beds by manual load- 
ing of dump buckets moving on over- 
head rails. Tests are being conducted 
with bed covers of asbestos cement 
sheeting. 

Sludge lagooning appears to be the 
preferred method of disposal of some 
primary treatment plants in California 
which receive domestic and cannery 
wastes (17) (24). 

Sludge disposal costs involving in- 
cineration were analyzed by Mick and 
Linsley (103). Per ton of dry solids 
removed, costs at Buffalo were about 
four times and at Cleveland about 
twice those at Detroit and Minneapolis- 
St. Paul. The lesser costs were $20 per 
ton of dry solids. Process controls are 
important to economy. Of the total 
laboratory costs at Minneapolis-St. 
Paul, 37 per cent was assigned to 
sludge disposal, 22 per cent to sludge 
concentration and vacuum filtration, 
and 15 per cent to incineration and 
ash disposal. The air pollution prob- 
lem connected with sludge incineration 
ean be alleviated best by (a) proper 
stack heights, (b) high temperature 
deodorization (1,200°F), and (ce) 
centrifugal collectors for fly ash re- 
moval (62). From flash drying and 
incineration equipment 47 weight per 
cent of particulates ranged in size be- 
tween 7.5 and 60 yp, while 30 per cent 
were below 7.5 ». Owens (115) insisted 
that multiple hearth furnaces do not 
produce odors. Heat values of differ- 
ent types of sewage sludges are de- 
scribed. In general, fresh sludges have 
a greater heat value than digested 
sludges. 


Sludge Utilization 


Composting of sludge together with 
refuse for preparation of soil con- 
ditioners received increased attention 
during the past year. Orenstein 
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(112) considered agricultural sludge 
disposal a public health hazard unless 
it is composted, completely dried, or 
used only on non-root crops under 
closely supervised and controlled con- 
ditions. First-hand reports of present 
practices in underdeveloped areas were 
published by Henderson (70)(71) and 
by Heukelekian (72). In South Africa 
the recovery of all organic wastes for 
agricultural utilization is encouraged 
by law (43)(80). Composting experi- 
ences of digested sludge with raw gar- 
bage in windrows were related by 
Straub (143). Sorting and screening 
are done subsequent to composting. A 
patent has been granted Geraghty 
(54) for a similar process. 

From diffusion rate experiments 
McCauley and Shell (94) concluded 
that diffusion cannot supply oxygen 
at a sufficient rate to maintain a com- 
pletely aerobic bacterial population at 
a depth greater than 2 to 3 in. The 
high-rate composting process continued 
to be investigated by Wiley (155) 
(156). The course of decomposition 
proceeds through an acidic (pH 4.5) 
and mesophilic phase to an alkaline 
(pH 8.5) and thermophilic phase. 
Such items as moisture, temperature, 
aeration rates, addition of lime or 
acetic acid, and continuous loading 
were investigated. It appears that a 
five-day cycle is feasible. Snell (136) 
(137) reviewed the various available 
processes and recommended only three 
to further development: windrowing 
with forced air, bin composting with 
forced air, and mechanical composting 
in three stages. 

Seiarone and Lunt (127) concluded 
that digested sludges can be incorpo- 
rated into soils at a rate of 25 per cent 
by volume. Such quantities make 
sufficient nitrogen available to sustain 
a planting for several months. Steam- 
ing of composts of sludge with rice 
hulls or wood shavings needs to be 
followed by irrigation prior to plant- 
ing in order to remove toxicities. Ad- 
ditions of composted refuse and sludge 
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to a slightly clay sandy soil up to 133 
tons per acre showed a definite increase 
in the yield of potatoes (up to 300 per 
cent), celery, and onions, but not for 
tomatoes (152). 

A report by Merz (101) was con- 
cerned with the land disposal of liquid 
digested sludge near San Diego, Calif. 
Farm land showed no deleterious ef- 
fects after three consecutive applica- 
tions of 60 to 300 tons of dry solids 
per acre. Following air drying of each 
application, the sludge was plowed un- 
der and subjected to leaching by irriga- 
tion prior to planting. Replicate plot 
studies using barley showed that 400 lb 
of ammonium phosphate yielded about 
as much as 25 to 100 tons of sewage 
solids. The sludge increased the mois- 
ture-holding capacity of the soils. At 
the present time all of the San Diego 
sludge is being used for reclamation of 
56 acres for park development. Sludge 
is applied at loadings up to 300 tons 
dry solids per acre. A similar recla- 


mation program in New York City is 


saving almost $1 million when consid- 
ering savings in costs of natural top 
soils and in barging operations (123). 
In Toronto, Canada (10), a fertilizer 
company has contracted to buy up to 
6,000 tons per year of vacuum filtered 
and dehydrated primary digested 
sludge. 

Dried activated sludge was com- 
pared with soy bean oil meal on basis 
of amino acid composition, protein con- 
tent, digestibility, and biological value 
(66). Activated sludge had a lower 
apparent digestibility in sheep and a 
higher biological value. 

In seeded aerobic and anaerobic di- 
gestion experiments with fresh sewage 
sludge, Neujahr (110) evaluated the 
effect of several antibiotics, added up 
to 0.25 per cent of dry matter, on the 
production of vitamin B,, activity. 
and terramycin were 
stimulating if added when the sludge 
had reached pH 6.5. Neomycin, active 
or inactive, had the least effect, while 
inactivated penicillin stimulated most 
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B,, factors anaerobically. Kamikubo 
et al. (77) investigated vitamin B,, 
content of activated sludge, using a 
bioassay method with Lactobacillus 
leichmannii. The vitamin B,, content 
vas not affected significantly by sludge 
storage for 24 hr, cobalt sulfate ad- 
ditions up to 40 ppm, or by sodium 
fluoride. It was stable to drying by 
infrared rays, but not to temperatures 
of 100°C. The highest vitamin con- 
tents were observed between September 
and November, and the lowest in June. 
In the preparation of crystalline vita- 
min B,, (78), activated sludge was 
extracted with boiling water, mixed 
with activated carbon, and the carbon 
was eluted with 50 per cent acetone 
The vitamin was purified by several 
recrystallizations before and after 
treatment with ion exchange resins. 
Janicki et al. (76) isolated vitamin 
B,. from digested sludge, using slightly 
different techniques. 
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Detergents 


Barden and Isaae (13) used labora- 
tory-scale trickling filters and a War- 
burg respirometer to test the effects of 
Teepol, lauryl sulfate, alkyl benzene 
sulfonate, cetyl pyridinium bromide, 
and Lissapol. They found that the de- 
tergents impaired filter performance 
by overloading the units with carbo- 
naceous material. Suppressions of oxy- 
gen transfer by the detergents also 
interfered with filtration. Trickling 
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filters originally producing a good 
effluent would not be adversely affected 
by detergents in concentrations under 
20 ppm (active matter). 

The removal of anionic synthetic 
detergents by trickling filters has been 
reported by Smith (135) as a result of 
studies undertaken in Keighley, Eng- 
land. The results indicate that a 100- 
ft filter, operating without recircula- 
tion, removed 83 per cent of the syn- 
thetic detergent applied even though 
the filter was overloaded and would 
not produce a satisfactory effluent. 
When recireulation was added, the per- 
centage BOD removal increased but 
the amount of synthetic detergent re- 
moval dropped to 80.8 per cent. Tests 
made at the Oxenhope Sewage Works 
employing straight filtration revealed 
that 75.7 per cent of the synthetic de- 
tergent load was removed. This plant 
was underloaded and was producing 
a settled filter effluent having a BOD 
of 4 to 6 ppm. It was concluded that 
the trickling filter is capable of remov- 
ing a large proportion of the applied 
synthetic detergent and that the 
amount removed is not connected with 
the organic loading but does appear 
to vary with the character of the sew- 
age. 

Mann and Herbert (92) studied the 
effect of detergents on trickling filters 
and activated sludge in _ laboratory- 
scale experiments. A mixture of equal 
weights of seven proprietary washing 
powders (consisting of alkylaryl sul- 
fonates) used in Britain was prepared 
and added to artificial sewage. In the 
trickling filter experiments the concen- 
tration of the detergents added was 
26.5 ppm. The dosing rate of the fil- 
ters was 60 gpd/eu yd (Brit.) and 
the average BOD in the artificial sew- 
age fed was 187 ppm. Determination 


of the detergent content in the effluent 
from the trickling filter followed by 
sedimentation showed that initially a 
removal of 80 per cent was obtained 
which declined to about 30 per cent 
oth 


between the 3rd and weeks of 


1957 LITERATURE REVIEW. I. 


623 


operation. The removal increased to 
53 to 72 per cent thereafter until the 
end of the experiment in 24 weeks. 
The removal of synthetic detergents by 
the activated sludge process behaved 
in the same general manner except for 
some quantitative differences by the 
trickling filters. The BOD in the efflu- 
ent with and without the addition of 
detergent showed no difference for the 
trickling filter and activated sludge 
process. 

Roberts (119) found at the British 
Luton and Letchworth Works that syn- 
thetic detergent removal was not neces- 
sarily associated with BOD removal. 
He observed that reduction in de- 
tergent concentration occurs to a 
greater degree in an oxidizing than in 
a flocculating system. Also, the effi- 
ciency of detergent removal is greater 
in activated sludge units than in trick- 
ling filters. 

During treatment by diffused air- 
activated sludge process, Lockett (87) 
found that 20 ppm (active matter) 
Santomerse had a definite retarding 
effect on the purification process; 
Teepol had virtually no effect at this 
concentration, and Lissapol N had only 
slight adverse effect. 

Foaming could be controlled by use 
of Foamrex W in concentration of 3 
ppm on sewage flow basis, applied at 
the inlet end of an aeration channel. 
Tests showed that it was more eco- 
nomical by applying reagent to the 
mixed liquor during its flow through 
the aeration unit at drip-feed intervals 
of 200 ft. 

Shell Anti-foam No. 1 was found to 
give satisfactory results. Effluents, 
using both reagents, supported fish life 
without dilution. 

On a laboratory scale, Munro and 
Yatabe (108) studied the frothing 
characteristics of synthetic sewages 
containing dextrose, starch, and pep- 
tone, with additions of fat, lauryl sul- 
fate, soap, alkylaryl sulfonate, or mix- 
tures of these. Synthetic sewage 
containing 75 ppm each of dextrose, 
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starch, and peptone, with (a) 37.5 and 
375 ppm of soap and (b) 35 and 350 
ppm of fat, showed practically no 
tendency to froth. Sodium lauryl sul- 
fate (37.5 ppm) in a similar sewage 
base gave a temporary increase in froth 
formation after aeration for 2 to 4 hr, 
with no frothing after 24 hr. Fab 
(30 ppm active sulfonate) had con- 
siderable frothing ability which de- 
ereased but was still appreciable after 
20 days of aeration. 
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Lagooning 


The interest in the fundamental bio- 
logical and engineering principles in 
disposing of and possibly reclaiming 
sewage by the use of lagoons has been 
continued during 1957. McKinney 
(97) uses the term ‘‘single chamber 
oxidation pond’’ as contrasted to the 
‘‘Swedish oxidation pond system,”’ 
which consists of four successive ponds, 
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the last one being equal in area to the 
first three combined. The last pond 
serves as a habitat for crustaceans that 
feed on the algae developed in the 
preceding ponds, thus producing an 
effluent free of algae and high in food 
for fish. Recirculation of the effluent 
from each pond before passing on to 
the sueceeding pond is an important 
feature of the system. Wennstrém 
(153) gives a detailed description of 
such a system for the city of Lund, 
Sweden, as to dimensions, operation, 
and the resulting effluent. The flow is 
525,000 gpd to a system of 4 ponds, 
having areas of 1.3, 1.1, 1.0, and 3.9 
acres, respectively, with an average 
depth of 2 ft. The sewage is recircu- 
lated 6 to 7 times, giving a detention 
time of 1.2, 1.6, 1.1, and 4.8 days, re- 
spectively. The BOD is reduced from 
158 ppm to 20 ppm. Escherichia coli 
are reduced from 100,000/ml to 30/ml. 
The purification in the individual 
ponds changes with the season but the 
over-all BOD reduction is fairly con- 
stant. The major species of bacteria, 
algae, and protozoa are identified, and 
their numbers are correlated to purifi- 
cation efficiencies by means of curves. 
The lower organisms predominate in 
the first pond, and the higher forms 
increase as the conditions of growth 
improve in the succeeding ponds. 
Oswald et al. (114) have made de- 
tailed fundamental studies of algae 
and their functions in lagoons. In the 
laboratory where the apparatus used 
and the conditions of lighting, tem- 
perature, and substrate could be closely 
controlled, equations correlating these 
conditions with performance of algae 
were developed. This knowledge was 
then used for the design of outside 
pilot plants of various dimensions. 
The information thus gained was de- 
veloped into fundamental principles 
correlating temperature, depth and 
size of lagoons, types of algae and 
their numbers, oxygen production, and 
reduction of BOD. Gloyna and Her- 
mann (60) have studied the life history 
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and activity of algae as applied to 
sewage treatment in aquaria in which 
food, lighting, temperature, and re- 
circulation could be elosely controlled. 
From the analysis of sewage entering 
the aquaria, the analyses of aquaria 
contents and effluents and the study of 
algal types and numbers, the perform- 
ance of these aquaria could be deduced 
and correlated with algae life. This 
information was used in the controlled 
feeding of outdoor lagoons of different 
sizes, and their performance was then 
used to develop factors for practical 
lagoon design. The practical conelu- 
sion as to depth of a lagoon system 
based on the preceding two studies 
is + ft, as applied to conditions similar 
to those in Texas and California. An 
investigation by Merz et al. (102) made 
of an existing installation at Mojave, 
California, found a depth of 10 ft 
needed in an additional lagoon of 0.57 
acre to the two existing lagoons, each 
0.15 acre in area and from 5 to 10 ft 
deep. This depth was needed as the 
lagoon effluent was to be used for the 
irrigation of 25.0 acres of pasture and 
the excessive evaporation of 116 in./yr 
would exhaust the water of a standard 
4-ft depth lagoon. <A detailed study 
of types and numbers of algae in the 
individual lagoons, the suspended 
solids and dissolved oxygen of each 
lagoon, the reduction of coliform or- 
ganisms, and BOD is given. The flow 
patterns as affected by prevailing 
winds were also studied. As reported 
by MeKinnie (98), Santa Rosa, Cali- 
fornia, added stabilization ponds to its 
5 mgd treatment plant. These ponds 
provide 14 days detention, and their 
effluent may be used for irrigation or 
discharged into Santa Rosa Creek, 
which enters the Russian River. Dur- 
ing 1954-1955 the MPN of coliforms 
of the pond discharge was 6.2; during 
1955-1956 it was 1.9. Water hyacinths 
in the ponds became troublesome. Re- 
moval by drag-line had to be used after 
hand removal proved too costly, and 
spraying with 2,4-D was unsuccessful, 
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A study of pond algae showed a dis- 
appearance of these during the spring 
of 1955 and of 1956. The algae were 
succeeded by Daphnia in both in- 
stances. Also in both instances there 
was a decrease in DO and in BOD 
reduction. Wilcox and Cruickshank 
(154) reported a similar use of stabili- 
zation ponds to supplement sewage 
treatment at Ukiah, California, on the 
Russian River. To care for the needs 
of the rapidly increasing population 
of the city and the immediate sur- 
rounding area, a sanitation district was 
to be created, contributing the sewage 
to a plant to be built by the city and 
discharging the effluent into the Rus- 
sian River. The regional water pollu- 
tion control board forbade this practice 
during the bathing season. The plan 
vas changed so as to inelude stabiliza- 
tion ponds of sufficient volume to 
retain the treated sewage from May 1 
to September 30. The plant itself will 
have primary sedimentation, trickling 
filters, final sedimentation, and sludge 
digesters. 

A study of oxidation ponds in the 
Dakotas by Towne et al. (148) gives 
details of construction, operation, and 
results, as applying to the northern 
plains. The study was extended over 
a year to note the effect of deep freez- 
ing during the winter and re-establish- 
ment of aerobic conditions during the 
spring. A study of varying light in- 
tensity during the year and at different 
levels, and its effect on photosynthesis 
and consequent treatment results, is re- 
ported. This study, while particularly 
applied to the Dakotas, is fundamental 
in nature. From northward across the 
border from the Dakotas, Schaeffer 
(124). Lackie (81), and others (3) 
report of sewage lagoons replacing 
standard treatment plants for many 
small towns of the prairie provinces 
of Canada. Even cities like Swift Cur- 
rent, 10,000 inhabitants, and Regina, 
90,000 inhabitants, expect to adopt la- 
goon treatment. The information as 
to size. depth, loading, and operation 
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of oxidation lagoons is adapted to 
Canadian conditions and is complete 
and of a practical nature. It is inter- 
esting to note that the minimum depth 
recommended is 5 ft, so as to allow 
for a 3- to 4-ft ice cover. Hopkins 
and Neel (74) discuss fundamental 
principles of design, operation, and 
performance of sewage lagoons in the 
Missouri basin states. A tabulation is 
included of all lagoons, giving the 
population contributing thereto, the 
number of lagoons in each system, and 
their area. 

A small but effective oxidation pond 
installation is reported by Gidley (57) 
brought about by the overloaded septic 
tank of a sanitarium, the effluent from 
which entered a recreational stream. 
An oxidation tank designed for a BOD 
load of 40 lb per day/acre was built 
to receive this septic tank effluent. At 
present this pond receives 30,000 gpd 
or 16.2 lb per day/acre, and produces 
an effluent with a BOD of 8 ppm. The 
MPN count is reduced from 1.1 million 
to less than 300. A large oxidation 
pond system for treatment supple- 
mentary to primary sewage treatment 
is planned for Auckland, New Zealand 
(4). This will consist of 4 ponds, 4 
ft deep and of a combined area of 
1,390 acres. The city and its suburbs, 
area of 200 sq miles with an expected 
future population of 800,000, will con- 
tribute a flow of 33 mgd. Repeated 
recirculation of both the primary and 
the final effluent is expected to give 
a total detention period of 62 days. 

In spite of the wide acceptance of 
oxidation lagoons, especially for small 
communities, the enthusiasm is not uni- 
versal. Smith and Leibee (133) in- 
vestigated the sanitary and financial 
advantages of sewage lagoons com- 
pared to standard treatment for the 
twin cities of Triumph and Monterey 


in Minnesota. In answer to question- 


naires sent to bacteriologists and pa- 


thologists they found that there is 
danger of spreading disease, particu- 


larly sewage-borne virus diseases, by 
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wind action or birds. They also found 
that due to turbidity of the ponds 
natural destruction of viruses is im- 
probable. A study of construction 
costs showed that due to the high price 
of land a standard treatment plant 
would be only slightly more expensive 
than ponds. The operation of the 
ponds would cost less than that of an 
equally well performing standard 
plant, but not enough less to offset the 
possible danger of spread of disease. 


Sewage Reuse 


Heukelekian (72) has summarized 
his comprehensive report on practice 
and possibilities of using partially or 
completely treated sewage for crop ir- 
rigation in Israel. The report is based 
on a study of the volumes of sewage 
contributed by the various towns and 
cities, the crops to be irrigated, and 
the method and cost of transporting 
the sewage from the point of origin 
to the point of use. Special attention 
is given to the degree of treatment re- 
quired for the particular application. 
The possibility of odor or esthetic 
nuisance during transportation and ap- 
plication is considered. The fertiliz- 
value of the as well as 
possibility of soil damage due to chlo- 
rides, is investigated. Proposed reuse 
of treated sewage for industry and 
agriculture is reported from Haifa 
(5), Israel, where 90 per cent effective 
treatment is expected for a flow of 8 
mgd. Primary settlement and trick- 
ling filters will be used, the effluent 
entering the Kishon River, from which 
it will be available for industry and 
unrestricted agriculture. According 
to Guyman (65), Coronado, California, 
planned to use the effluent of a pro- 
posed new treatment plant for irriga- 
tion of a golf course but this had to 
be abandoned due to a high chloride 
content of 350 to 1,200 mg/l. Bene- 
dickt (18) reports that Bremen, Ger- 
many, change its long-time 
method of sewage disposal. Due to the 
6- to 9-ft tides of the Weser River, 


ing sewage, 


has to 


ie 
15 
26 
626 

x 


Vol. 30, No. 5 


which sweep all sewage out into the 
sea, the city can dispose of its sewage 
into that river except during late fall 
and winter. Then, the sewage is 
pumped onto a 9,300-acre area of mead- 
ows, divided into several individual 
large lagoons by low dykes. The water 
depth permitted is from 1.5 to 2 ft. 
Every few days, alternately, one of 
these lagoons is drained into the river. 
By that time the suspended solids have 
settled and fertilized the area for the 
coming growing season. No harm to 
health has as yet been traced to the 
system. In the near future, however, 
the growth of the city requires this 
area for industrial and residential ex- 
pansion. Plans for activated sludge 
and high-rate filter treatment of the 
sewage are being developed. 

The reuse of sewage in industry, as 
compared to its disposal by irrigation, 
is claiming more and_ well-deserved 
attention. Connell (39) distinguishes 
between natural reconditioning of 
water by stream dilution or 
re-aeration, and planned recondition- 
ing of the used water either by the 
first user of the water or the reuser. 
He gives examples of planned condi- 
tioning of sewage plant effluent as part 
of the treatment at the Amarillo and 
San Angelo, Texas, sewage treatment 
plants, as well as at the treatment 
plant going into operation at Odessa, 
Texas. He draws attention to the fact 
that silica and phosphates, heretofore 
seldom determined in routine sewage 
analysis, should be seriously consid- 
ered, due to their effects in water 
used by industry. Allison (1) reports 
that a Corpus Christi, Texas, plant was 
designed to produce an effluent con- 
tracted for by an industry. Due to 
lack of funds and nonavailability of 
certain supplies, the design could not 
be carried out. Over the years, as 
funds were made available, these omis- 


used 


sions were remedied, and the plant is 
now providing cooling water as called 
for in the contract. It has standard- 


rate filters, preceded by flocculation 
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and sedimentation, and two roughing 
filters with their respective clarifiers. 
Part of the effluent, after chlorination 
at peak flow dosage, is returned to the 
incoming sewage. BOD reduction as 
high as 98 per cent is attained. Ac- 
cording to Theroux (146) the Hy- 
perion plant is also preparing for re- 
use of part of its effluent. It receives 
a high chloride content sewage from a 
certain area and a low chloride sewage 
from another. It was found possible 
to bring each of these two types to the 
treatment plant separately. The low 
chloride sewage will receive a high de- 
gree of treatment so as to fit it for 
industrial use, or to recharge it into 
the ground. The volume of this will 
eventually exceed 100 mgd. The high 
chloride sewage will receive partial 
treatment and be discharged into the 
ocean. 

A comprehensive report on reuse of 
waste water has been released by the 
California State Water Pollution Con- 
trol Board (31). Merz (100) has sum- 
marized this report and another review 
is available (8). Information was ob- 
tained through questionnaires sent to 
state agencies and by inspection visits 
to several plants. The report gives 
information on more than 150 indus- 
tries that reclaim waste water and on 
15 industries that utilize sewage plant 
effluents. Also included is a compre- 
hensive coverage of agricultural utili- 
zation of sewage plant and lagoon 
effluents. 

Gloyna (59) observed that in 94 
counties in Texas, including 70 per 
cent of the population, more than one- 
half the waste water is secondary 
treated sewage. In 1954 this totaled 
approximately 130 bil gal. He em- 
phasizes that since both the quality 
and the quantity of this water are of 
known reliability, its reclamation by 
enterprising organizations is to be ex- 
pected. McGaughey (95) emphasizes 
that sewage should be 
thought of principally as supplying 
water for industry instead of for irri- 
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gation. He shows that the total sewage 
volume of California is only 8 per cent 
of the volume of water required for 
irrigation. He contrasts this with the 
potential value to industry of the vol- 
ume of waste water, ‘‘thrown away,”’ 
flowing from the State’s two largest 
cities. He discusses the why and how 
of sewage effluent reclamation and il- 
lustrates with several instances in 
the southwest which represent well- 
planned projects on a scale sufficiently 
great to demonstrate the feasibility 
and practical economy of direct reuse 
of sewage effluents. 

An interesting problem and a more 
interesting solution of this problem 
of sewage plant effluent reuse are re- 
ported from Chanute, Kansas (6). As 
the water supply of the city dwindled, 
and as the treatment plant produced 
a good effluent, the city was permitted 
by the State Board of Health to bring 
its effluent up the river to the water- 
works intake. About 50 to 60 per cent 
of the effluent is to be so reused. 
Thomas (147) tells of the ownership 
or claim to water, whether from 
streams, or wells, aboveground or un- 
derground storage. Even the possible 
ownership of rain and run-off is dis- 
eussed. Aside from the legal aspect 
of this ownership, it underlines the 
vastly increasing importance of water 
to human welfare. 


References 


. Allison, S. L., ‘‘Is There a Perfect Effiu- 
ent? Corpus Christi Has Produced 
It and Now Sells It to Industry.’’ 
Wastes Eng., 28, 11 (1957). 

2. Anderson, W. C., ‘‘Annual Report of 
Cranston, R. I., Sewage Treatment 
Plant for the Year Ended September 
30, 1954.’? THis JOURNAL, 29, 4, 487 
(Apr. 1957). 

. Anon., ‘‘Use of Open Lagoons for Sew- 
age Disposal Increases.’’ Eng. News- 
Rec., 159, 3, 95 (1957). 

. Anon., ** Oversize Ponds Oxidize 
Wastes.’’ Eng. News-Rec., 159, 23, 
76 (1957). 

5. Anon., ‘‘The Haifa Project for Sewage 
Treatment.’’ Gas- u. Wasserfach. 
(Germany), 36 (Sept. 1957). 


May 1958 


3. Anon., ‘‘Effluent Re-Use.’’ Jour- 


NAL, 29, 6, 725 (June 1957). 


. Anon., ‘‘Iodine Disinfection.’’ 


JOURNAL, 29, 7, 837 (July 1957). 


. Anon., ‘‘Industry Utilizes Sewage and 


Wastes Effluents for Processing Opera- 
tions.’’ Wastes Eng., 28, 9 (1957), 
Anon., ‘‘Richmond’s Sludge Drying and 
Handling System.’’ Water and San. 
Engr. (Brit.), 6, 16 (1956). 


. Anon., ‘‘Sewage Disposal at Toronto.’’ 


Water and San. Engr. (Brit.), 6, 257 
(1957). 
Armour Research Foundation, ‘‘ More 
on Sewage Sterilization.’’ THis Jour 
NAL, 29, 1, 105 (Jan. 1957). 


2. Armour Research Foundation, ‘‘ Sewage 


Sterilization by Irradiation.’’ Pub. 
Works, 88, 7, 180 (1957). 


3. Barden, L., and Isaae, P. C., ‘‘ Effects of 


Synthetic Detergents on the Biological 
Stabilization of Sewage.’’ Surveyor, 
115, 917 (1956). 


. Bargman, R. D., Betz, J. M., and Garber, 


W. F., ‘‘Aeration Requirements of a 
High Oxygen Demand Sewage.’’ Tus 
JOURNAL, 29, 7, 768 (July 1957). 


5. Baron, K. H., ‘‘ Vacuum Sludge Filtra- 


tion Experiences. I. Hartford, Conn.’’ 
THIS JOURNAL, 29, 8, 950 (Aug. 1957). 
3ehn, V. C., ‘‘Settling Behaviour of 
Waste Suspensions.’’ Jour. San. Eng. 
Div., Amer. Soc. Civil Engrs., 88, SA 
5, 1423 (1957). 

Selick, F. M., ‘‘San Jose’s New Pri 
mary Plant.’’ Pub. Works, 88, 7, 87 
(1957). 

Benedickt, W., ‘‘Sewage Treatment in 
Bremen, Germany.’’ Gas- u. Wasser- 
fach. (Germany), 36, 899 (Sept. 
1957). 


. Besselievre, E. B., ‘‘Use and Handling 


of Chemicals in Industrial Waste 
Treatment.’’ THis JOURNAL, 29, 11, 
1252 (Nov. 1957). 


. Bloodgood, D. E., ‘Sludge Digestion.’’ 


Water & Sewage Works, 104 
(1957). 


38 


. Boucher, P. L., ‘‘Micro-Straining for 


Water and Sewage After Twelve Years 
Experience.’’ Munic. Util. (Canada), 
95, 7, 59, 8, 22 (1957). 

sowers, M., ‘‘Tips on Sludge Drying 
Bed Care.’’ THis JOURNAL, 29, 7, 835 
(July 1957). 


3. Brisbin, 8S. G., ‘‘Flow of Concentrated 


Raw Sewage Sludge in Pipes.’’ Jour. 
San. Eng. Div., Amer. Soc. Civil 
Engrs., 88, SA 3, 274 (1957); Dis- 
cussion by R. N. Roberts, SA 6, 1466 
(1957). 

3rown, K. W., ‘‘Douvle Will Be No 
Trouble.’?’ Amer. City, 72, 118 (1957). 


At 

9. 

ll. 

16. 

ke 

17. 

18. 

uf 

if 
23. 
24, 


. 30, No. 


25. Bubbis, N. 8., ‘‘Operational Experience 


26. 


. Burde, F. R., 


30. 


2. Carlson, 


33. 


34. 


5. Chase, E. 


36. 


38. 


40. 


at the Greater Winnipeg Sewage Plant. 
Sludge Dewatering with a Coil Filter.’’ 
Munic. Util. (Canada), 95, 20 (Aug. 
1957). 

Budd, W. E., and Lambeth, G. F., 
‘*High-Purity Oxygen in Biological 
Sewage Treatment.’’ Tuis JOURNAL, 
29, 3, 237 (Mar. 1957). 

‘*Sewage Treatment for 

a Modern Shopping Center.’’ Pub. 

Works, 88, 11, 96 (1957). 


. Butlin, K. R., Selwyn, S. C., and Waker- 


ley, D. ‘Sulphide Production from 
Sulphate-Enriched Sewage Sludges.’’ 
Jour. Appl. Bact., 19, 1 (1956). 


29. Byrom, D., ‘‘A Short Exercise on the 


Periodicity of Dosing of Laboratory 
Experimental Perecolating Beds.’’ 
Jour. and Proc., Inst. Sew. Purif. 
Part 2, p. 155 (1957). 
Calaway, W. T., ‘‘Intermittent Sand 
Filters and Their Biology.’’ THis 
JOURNAL, 29, 1, 1 (Jan. 1957). 


. California State Water Pollution Control 


Board, ‘‘A Survey of Direct Utiliza- 
tion of Waste Waters.’’ Publ. No. 
12, Sacramento, Calif. (1956). 

P. R., and Cornell, P., ‘‘En- 
zymes Correct Digester Troubles and 
Eliminate Grease Problems.’’ Water 
and Sewage Works, 104, 519 (1957). 

Caster, A. D., ‘‘ Report of the Cincinnati, 
Ohio, Sewage Disposal Program for 
1954-1955.’’ THis JOURNAL, 29, 7, 
829 (July 1957). 

Chambers, C. W., and Tabak, H., ‘‘ Ef- 
fect of Krebs Cycle Metabolites on 
the Viability of Escherichia coli 
Treated by Heat and Chlorine.’’ Jour. 
Bact., 73, 77 (1957). 

‘Flotation in the Treat- 
ment of Sewage and_ Industrial 
Wastes.’’ Munic. Util. (Canada), 95, 
12, 20 (1957). 

Clinton, M. O., ‘Industrial Wastes 
Treated by Activated Sludge.’’ Proe. 
llth Ind. Waste Conf., Purdue Univ., 
91, 88 (1957). 


. Coaker, A. W. M., and Murray, K. A., 


‘*\ New Manometrie Apparatus and 
its Use in Sewage-Fermentation Stud- 
ies.’’ Jour. So. African Chem. Inst., 
9, 76 (1956); Chem. Abs., 51, 5335 
(1957). 

Cohrs, A., ‘‘The Berlin Sewage Disposal 
System.’’ Gas- u. Wasserfach. (Ger- 
many), 36, 805 (1957). 


. Connell, C. H., ‘‘Industrial Utilization 


of Waste Water.’’ 
6, 148 (1957). 
Cornell, C. F., Cornell, E. D., and Em- 
mett, R. C., ‘‘Reeent Developments in 
Continuous Vacuum Filtration.’’ Proe. 


Ind. Wastes, 2, 


1957 LITERATURE REVIEW. I. 


41. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


53. 


54. 


or 


2. Delwiche, C. C., 


. Gerdel, W. E., 


629 


lith Ind. Waste Conf., Purdue Univ., 
91, 405 (1957). 

Crundall, S. W. F., ‘‘ Aluminum Chloro- 
hydrate in Sewage Sludge Dewater- 
ing.’? Jour. and Proc., Inst. Sew. 
Purif., Part 4, p. 397 (1956). 

‘*Biological Trans- 
formation of Nitrogen Compounds.’’ 
Ind. Eng. Chem., 48, 1421 (1956). 

DeVaal, H. M., ‘‘The Aim of Sewage 
Works Management: Processing Ver- 
sus Disposal.’’ Jour. and Proc., Inst. 
Sew. Purif., Part 4, p. 79 (1957). 

Dietz, J. C., ‘‘An Investigation of the 
Influence of Some Radioactive Isotopes 
on Sludge Digestion.’’ Water and 
Sewage Works, 104, 319 (1957). 

Dunlop, 8. G., ‘The Survival of Patho- 
genic Organisms in Sewage.’’ Pub. 
Works, 88, 12, 80 (1957). 

Eckenfelder, W. W., ‘‘ Aeration Systems 
for Biological Waste Treatment.’’ 
Ind. Wastes, 2, 1, 9 (1957). 

Eckenfelder, W. W., and Melbinger, N., 
‘*Settling and Compaction Character- 
isties of Biological Sludges. I. Gen- 
eral Considerations.’’ THis JOURNAL, 
29, 10, 1114 (Oct. 1957). 

Eckenfelder, W. W., and Porges, N., 
** Activity of Microorganisms in Or- 
ganic Waste Disposal.’’ Applied 
Microbiol., 5, 3, 180 (1957). 

Feldman, A. E., ‘‘ Biota Associated with 
Sewage Filtration.’’ THis JOURNAL, 
29, 5, 5388 (May 1957). 


Forrest, T. H., ‘‘Sewage Digestion 
(U. S. Patent 2,777,815, Jan. 15, 
1957).’? Chem. Abs., 51, 9049 (1957). 

. Friedman, A. M., and Lightfoot, E. N., 
‘Oxygen Absorption in Agitated 
Tanks. New Correlation for Open 
Flat-Bladed Impellers.’’ Ind. Eng. 


Chem., 49, 1227 (1957). 


2. Frook, J. E., ‘‘ Volatile Acids by Direct 


Phosphoric Acid Distillation.’’ 
JOURNAL, 29, 1, 18 (Jan. 1957). 

Garland, B. I., ‘‘Digestion of Raw 
Sludge Impaired by Presence of 33 
PPM of Chemical.’’ Pub. Works, 88, 
2, 160 (1957). 

Geraghty, C. J., ‘‘Process of Com- 
posting Municipal Refuse in Wind- 
rows.’’ U.S. Patent 2,798,800 (1957). 


THIs 


‘*Tmprovements at South- 
erly Sewage Treatment Plant, Cleve- 
land, Ohio.’’ Turis JOURNAL, 29, 8, 
875 (Aug. 1957). 


. Gex, V. E. (Chairman, Subeomm. Comb. 


Treat. of Chem. Ind. Advisory Comm., 
ORSANCO), ‘‘Current Practices in 


Municipal Treatment of Industrial 
Wastes.’? JouRNAL, 29, 6, 672 


(June 1957). 


= 
= 
4 
27 = 
» 
2S 
L 
= = 
: L 
: 
3 = 
; 
= 
: 51 : 
3 
|_| 
= 
37 
|_| 
= 
= 


630 


58, 


60, 


64. 


66. 


67. 


68. 


69. 


70, 


7. Gidley, H. K., 


- Gloyna, E. F,, 


Golueke, C. 


32. Gordon, C. 


3. Greenberg, A. E., 


Guyman, B. E., 


- Henderson, J., 


SEWAGE AND INDUSTRIAL WASTES 


‘Treating Septie Tank 
Effluent by an Oxidation Pond.’’ 
Pub. Works, 87, 1, 81 (1956). 

Gien, I., Vosloo, P. B. B.. and Stander, 
G. J., ‘Digestion of Night Soil by an 
Elutriation Technique.’’ Pub, Health, 
Johannesburg, 20, 31 and 45 (1957); 
Water Poll. Abs. (Brit.), 30, 276 
(1957). 

‘‘Water Re-Use in 

Eng.-Sci. News, Univ. of 
Texas, Austin, 5, 5, 2 (1957). 

Gloyna, E. F., and Hermann, E. R., 
"Some Design Consideration for Oxi 
dation Ponds.’’ Jour. San. Eng. Div., 
Amer. Soc. Civil Engrs., 82, SA 4. 
1047 (1956). 


Texas.’’ 


Oswald, W. J., and 
B., ‘‘ Anaerobie Digestion 
Applied Microbiol., 5, 


Gotaas, H. 
of Algae.’ 
47 (1957). 

W., and Leet, C. A., 

trol of Odors and Fly Ash in Sewage 

Sludge Incineration.’? Munic. Util. 

(Canada), 95, 9, 35 (1957). 

and Kupka, E., ‘‘Tu- 
berculosis Transmission by Waste Wa- 
ters—A Review.’’ JourNat, 29, 
5, 524 (May 1957). 

Greene, R. A., ‘* Annual Report of Jack 
son, Mich. Sewage Treatment Plant for 
the Fiseal Year Ending June 30, 
1955.’? Tuts JovrNat, 29, 2, 228 
(Feb. 1957) 

**Coronado to Use 
Effluent for Golf Course.’’ Wastes 
Eng., 28, 80 (1957). 

Hackler, L. R., Neumann, A. L., and 
Johnson, C. B., ‘‘ Feed From Sewage. 
III. Dried Activated Sewage Sludge 

Nitrogen Source for Sheep.’’ 
Jour. Animal Sci., 16, 125 (1957) ; 
Chem. Abs., 10790 (1957). 

Hampton, R. K., ** Methods of Handling 
Dried or Incinerated Sewage Solids.’’ 


as a 


Water and Sewage Works, 104, 470 
(1957). 
Haseltine, T. R., ‘Central Primary 


Plant Will Handle Sewage from Three 
Municipalities.’’ Wastes Eng., 28, 
176 (1957). 

Hawkes, H. A.. ‘*Film Accumulation 
and Grazing Activity in the Sewage 
Filters at Birmingham.’’ Jour. and 
Proc., Inst. Purif., Part 2, p. 
88 (1957). 


Sew. 


Henderson, J., ‘‘The Present Status of 
Sanitary Engineering in the Tropies.’’ 
Amer. Jour. Tropical Med. and Hyg., 
6, 1 (1957). 

“*Refuse Composting in 

India.’’ Pub. Works, 88, 11, 99 

(1957). 


May 1958 


2. Heukelekian, H., ‘‘ Utilization of Sewage 


76. Janicki, J., 


for Crop Irrigation in Israel.’? THIS 


JOURNAL, 29, 8, 868 (Aug. 1957). 


Heymann, H., ‘Apparatus for Drying 


Sewage Sludge.’’ U. §. Patent, 2,- 
799,398 (July 16, 1957); Chem. Abs 
51, 15050 (1957). 


74. Hopkins, G. J., and Neel, J. K., ‘‘Raw 


Sewage Lagoons in the Midwest.’’ 
Proc. 11th Ind. Waste Conf., Purdue 
Univ., 91, 197 (1957). 

Horasawa, I., ‘“Studies on Gas Produe- 
tion of Garbage in Digestion with 
Night Soils. II—Animal Materials 
(Fish Materials).’’ (English Sum- 
mary.) Inst. Pub. Health. Bull. (Ja- 
pan), 6, 4, 49 (1957). 

Pawekiewicz, J., and 
Nowakowska, K., ‘Isolation of Vi 
tamin B, (as eoncentrates and in 
crystalline form) from Town 
age Purified by Methane Fermenta 
tion.’’ Acta Biochim. Polon., 3, 161 
(1950); Chem. Abs.. 51, 13273 (1957). 

Kamikubo, T., et al., “Activated Sludge 
as a Souree of Vitamin B, I. Vi- 
tamin B, Content of Activated 
Sludge. ITI. Changes in Vitamin 
B,. Content in Activated Sludge. IV. 
Effect of Cobalt Sulfate and Sodium 
Fluoride on Vitamin B,, Content in 


Sew- 


Activated Sludge.  V. Stability of 
Vitamin B,, in Activated Sludge 
While Drying. VI. Seasonal Varia- 


tion of Vitamin B,. Content in <Acti- 
vated Sludge.’’ Vitamins (Japan), 


6, 581 (1953); 8, 141, 144 (1955): 
9, 225 (1955): 10, 459 (1956): Chem. 
Abs., 51, 18405 (1957). 

Kamikubo, T., and Tanaka, K., **Prep- 
aration of Crystalline Vitamin B,, 
from Activated Sludge. II. Extrae- 


tion and Adsorption of Vitamin 
By iY, Washing of Carbon Cake 
and Elution of Vitamin B. IV. 
Purification with Phenol-Butanol. Y. 
Purification with Amberlite IRC-50 
and Crystallization of Vitamin By». 
VI. Adsorption of Vitamin Bi. with 
a Variety of Active Carbons.’? Vi- 
tamins (Japan), 8, 372, 446 (1955): 
9, 136 (1955); 10, 424, 429 (1956) ; 
Chem. Abs., 51, 18404 (1957). 
Kaplovsky, A. J., ** Microbiological Proe- 
ess Report. Activity of Microorgan- 
isms in Organie Waste Disposal. III. 
Anaerobie Decomposition of Waste 
Solids.’? Applied Microbiol., 5, 175 
(1957). 

Krige, D. R., ‘‘The Future of Sewage 
Purification Plant as an All-Important 
Link Between Producer and Con- 
sumer of Food.’’ Jour. and Proc., 
Inst. Sew. Purif., Part 1, p. 74 (1957). 


~ 
| 
5 
73 
oY 
= 
78. 
| 
| | 
|_| 
= 
79. 
= 
8a 
71 


. 30, No. 5 


‘1. Lackie, T. H., ‘‘Experience with Sew- 


S4. 


91. 


94. 


— 


3. Locke, E. A., 


. Lumb, C., 


2. Mann, H., 


. MeGaughey, P. H., 


age Lagoons in 
inces.’’ Munic. 
3, 24 (1957). 
sangford, L. L., ‘‘Mesophilie Anaero- 
bie Digestion. Part I—Fundamentals 
of the Process.’’ Water and Sewage 
Works, 104, 464 (1957). 
zawton, G. W., and Eggert, , 
‘*Effeet of High Sodium Chloride 
Concentration on Triekling Filter 
Slimes.’’ THis JouRNAL, 29, 11, 1228 
(Nov. 1957). 

Lee, L. D., ‘‘ Modernization of an Over 
loaded Sewage Treatment Plant.’’ 
Pub. Works, 88, 9, 149 (1957). 
siebmann, H., ‘‘Production and Utili- 
zation of Methane from Settled Sludge 
and Dung.’’ Munch. Beitr. Abwass.- 
Fisch.- u. Flussbiologie (Germany), 3 
(1956); Water Poll. Abs. (Brit.), 30, 


168 (1957). 


Prov- 
(Canada), 95, 


the Prairie 
Util. 


“Vacuum Sludge Filtra- 
tion Experiences. II. East Hartford, 


Conn.’’ THIS JOURNAL, 29, 8, 952 
(Aug. 1957). 
. Lockett, W. T., ‘‘Synthetie Detergents 


the Purification of 

Experiments and Operation 
Experiences at the Mogden Works.’’ 
Jour. and Proc., Inst. Sew. Purif., 
Part 3, p. (1956). 

Lohff, H., ‘‘The Problem of Accelerat- 
ing Sludge Digestion.’’ Stadtehygiene, 
8, 55 (1957); Water Poll. Abs. 
(Brit.), 30, 385 (1957). 

Modification of the Re- 
circulating System.’’ Jour. and Proc., 
Tnst. Purif., Part 4, p. 383 
(1956). 

Lynn, W. R., ‘‘ Nomographic 
for the Design of Anaerobic 
Equipment.’’ Pub. Works, 


(1957). 


in Relation to 
Sewage: 


225 


Sew. 


Solutions 
Digestion 
88, 104 


MacLeman, E. L., ‘‘ Two Procedures for 
Grit Chamber Design.’’ Water and 
Sewage Works, 104, 271 (1957). 

and Herbert, D. W. M., 

‘“Some Observations of the Effect of 
Synthetic Detergents on Treatment of 
Water and San. Engr. 

5, 206 (1957). 


Sewage.’’ 


(Brit.), 6, 


3. Martin, D. M., and Mayo, E., ‘‘Sludge 


Dewatering at Union City, Tenn.’’ 
THis JouRNAL, 29, 5, 594 (May 
1957). 


McCauley, R. F., 
‘* Laboratory 


and Shell, B. J., 
and Operational Experi- 
ences in Composting.’’ Proce. 11th 
Ind. Waste Conf., Purdue Univ., 90, 
436 (1956); Chem. Abs., 51, 13273 
(1957). 

‘*The Why and How 


of Sewage Effluent Reclamation.’’ 


1957 LITERATURE REVIEW. I. 


96. 


98. 


99. 


100, 


101. 


102. 


103. 


104, 


105. 


106. 


107. 


108. 


110. 


631 


Water and Sewage Works, 104, 265 
(1957). 

McKinney, R. E., ‘‘ Microbiological 
Progress Report—a<Activity of Micro- 
organisms in Organie Waste Dis- 
posal.’’ Applied Microbiol., 5, 167 
(1957). 


- MeKinney, R. E., ‘‘Micro-organisms in 


Organic Waste Disposal.’’ 
Microbiol., 5, 171 (1957). 
MecKinnie, M. B., ‘‘ Report on Operation 
of the Santa Rosa, Calif., Sewage 
Treatment Plant for the Initial Four 
Year Period, July, 1952-June, 1956.’’ 
THIS JOURNAL, 29, 11, 1309 (Nov. 

1957). 

Meier, E. B., ‘‘ Economies of Processing, 
Marketing and Disposing of Sewage 
Sludge.’’ Kansas Univ. School of 
Eng. and Architecture, Bull. 37, 5 
(1956). 

Merz, R. C., ‘‘ Direct 
Waste Waters.’’ 
Waste Conf., 
(1957). 

Merz, R. C., ‘Report on 
Study of Waste Water Reclamation 
and Utilization.’’ Univ. of Southern 
Calif. Eng. Center Report 58-1 (Aug. 
1957). 

Merz, R. C., Merrell, J. C., and Stone, 
R., ‘‘Investigation of Primary Lagoon 
Treatment at Mojave, California,’’ 
THIS JOURNAL, 29, 2, 115 (Feb. 1957). 

Mick, K. L., and Linsley, S. E., ‘‘An 
Examination of Sewage Solids In- 
cineration Costs.’’ Water and Sewage 
Works, 104, 479 (1957). 

Miller, F. H., and Barron, W. T., ‘‘The 
‘CO, Alarm’ in Digester Operation.’’ 


Applied 


Utilization of 
Proce. 11th Ind. 
Purdue Univ., 91, 541 


Continued 


Water and Sewage Works, 104, 362 
(1957). 
Minish, M. A., ‘‘Sludge from Heat 


Pump-Heated Digesters May Be Flash- 
Dried.’’ Wastes Eng., 28, 132 (1957). 

Méhle, H., ‘‘The High Rate Activated 
Sludge Process at the Sewage Treat 
ment Works at Wuppertal-Buchen- 
hofen.’’ Jour. and Proc., Inst. Sew. 
Purif., Part 3, p. 297 (1956). 

Morgan, P. F., ‘‘ Environmental Control 
For Anaerobic Digestion and Gas Dis 
cussion.’’ Water and Sewage Works, 
104, 319 (1957). 

Munro, L. A., and Yatabe, M., ‘‘ Froth- 
ing of Synthetic Sewages.’’ THs 
JOURNAL, 29, 8, 883 (Aug. 1957). 


. Narver, D. L., and Graham, E. H., ‘‘ Hy- 


perion Plant Expanded to Treat 420 
MGD.’’ Civil Eng., 27, 857 (1957). 
Neujabr, H. Y., ‘‘On Vitamins in Sew- 
age Sludge. V. The Effect of Anti- 
biotics on Vitamin B,, Contents of 
Microbially Decomposing Sewage 


|| 
= 
82. 
83. 
: 
= 
: 
| 
87 
|| 
89 
|_| 
9 
|| 
= 
95 


2. Orenstein, 


3. Orford, H. E., 


21. Saunders, C., 


SEWAGE AND INDUSTRIAL WASTES 


Sludge.’’ 
(1957). 
- Okun, D. A., ‘‘Diseussion: High-Purity 
Oxygen in Biological Sewage Treat- 
ment.’’ THIS JOURNAL, 29, 3, 
(Mar. 1957). 

A. J., ‘‘End-Produets of Sew 
age Treatment and Community 
Health.’’ Jour. and Proc., Inst. Sew. 
Purif., Part 1, p. 76 (1957). 
‘*Preliminary Report on 


Acta Chem. Scand., 11, 1191 


~9 
253 


Recommended Units of Expression for 


Design and Operation of Sewage and 
Industrial Wastes Treatment Plants.’’ 
THIS JOURNAL, 29, 2, 134 (Feb. 1957). 
. Oswald, W. J., Gotaas, H. B., Golueke, 
C. G., and Kellen, W. R., ‘‘ Algae in 
Waste Treatment.’’ THis JOURNAL, 
29, 4, 437 (Apr. 1957). 


5. Owens, M. B., ‘‘Sludge Incineration.’’ 


Jour. San. Eng. Div., Amer. Soc. Civil 
Engrs., 88, SA 1, 1172 (1957). 
. Peach, J. D., ‘‘Some Percolating Filter 
Experiments at Cheltenham.’’ Jour. 
and Proc., Inst. Sew. Purif., Part 2, 
p. 111 (1957). 
. Pearson, E. A. et al., ‘‘ Biocatalytie Ad 
ditives in Sludge Digestion.’’ THis 
JOURNAL, 29, 9, 1066 (Sept. 1957). 
. Purchas, D. B., ‘‘The Sizing of Rotary 
Vacuum Filters.’’ Chem. Enar. 
(Brit.), 2, 132 and 196 (1957). 
. Roberts, F. W., ‘*‘The Removal of 
Anionic Syndets by Biological Puri 
fication Processes.’’ Water and Waste 
Treat. Jour. (Brit.), 6, 7, 302 (1957 
. Rogers, C., and Evans, G. L. K., ‘‘ Notes 
on the Pressure Filtration of Sewage 
Sludge at the Wandle Valley Works.’’ 
Jour. and Proc., Inst. Sew. Purif, 
Part 2, p. 137 (1957). 
‘*New Jersey 
Solves Industrial 
Amer. City, 


Sewerage 
Wastes 
72, 733 


Authority 
Problem. ’’ 
(1957). 
. Sawyer, C. N., ‘‘Hypochlorination of 
Sewage.’’ THIS JOURNAL, 29, 9, 978 
(Sept. 1957). 


23. Seanlon, A. J., ‘‘ Utilization of Sewage 


Production of 
JOURNAL, 29, 8 


Sludge for the 
Soil.’’ THIS 
(Aug. 1957). 

. Schaeffer, J. G., ‘‘The Treatment of 
Sewage by Lagooning.’’ Can. Jour. 
Pub. Health, 438 (Oct. 1957). 

. Schreiber, H. A., ‘‘Sludge Digester 
Cleaning at Washington, D. C.’’ THis 
JOURNAL, 29, 11, 1301 (Nov. 1957). 

. Schulze, K. L., ‘‘ Experimental Vertical 
Sereen Trickling Filter.’’ THIS 
JOURNAL, 29, 4, 458 (Apr. 1957). 


Top 
944 


7. Seiaroni, R. H., and Lunt, O. R., ‘‘Sew 


age Sludges for Agriculture.’’ Calif. 


Agr., 11, 11, 13 (1957). 


128. 


. Silverman, 


May 1958 


Shafer, S. W., ‘‘Initial Digester Start- 
up at Alexandria, Virginia.’’ THIS 
JOURNAL, 29, 10, 1190 (Oct. 1957). 

R. H., and Griffiths, R. B., 

‘A Review of Methods of Sewage Dis- 

posal in Great Britain, with Special 

Reference to the Epizootiology of 

Cysticercus bovis.’?’ Amer. Trop, Para- 

sit., 49, 436 (1956); abs. THis Jour- 

NAL, 29, 4, 495 (Apr. 1957). 


. Singleton, K. B., ‘‘ An Investigation into 


the Disposal of 
Digestion.’’ 
1174 (Oct. 


Blood by Anaerobic 
THIS JOURNAL, 29, 10, 
1957). 


31. Sladecek, V., ‘‘A Study on the Biologi- 


32. Smith, E. G., 


cal Treatment of Sewage by Activated 
Sludge.’’ Inst. of Chem. Tech. 
(Czech.), 81 (1957). 

‘*Features of a Mechani 
eal Sludge Concentrator for Dewater- 
ing Sludge.’’ THis JoURNAL, 29, 5, 
601 (May 1957). 


3. Smith, R. L., and Leibee, H. C., ‘‘Sew- 


. Smith, R. L., 


. Smith, W. S., 


age Lagoons for the Treatment of Raw 
Municipal Wastes and a Study of 
Sewage Lagoon  Design.’’ Pub. 
Works, 88, 4, 186; 7, 142 (1957). 
and Leibee, H. C., ‘*Cold 
Weather Treatment Plant.’’ Pub. 
Works, 88, 5, 139 (1957). 

**Removal of Anionic 
Synthetie Detergent by Percolating 
Filters.’’ Jour. and Proc., Inst. Sew. 
Purif., Part 2, p. 153 (1957). 


3. Snell, J. R., ‘*Composting of Municipal 


Refuse.’’ 
11, 50 


Munic. Util. (Canada), 95, 
(1957). 


. Snell, J. R., ‘‘Composting Your Organic 


Wastes at a 
88, 11, 108 


Profit.’’ 
(1957). 


Pub. Works, 


8. Sparr, A. E., ‘‘ How to Control Frothing 


2. Stones, T., 


. Stack, V. T., 


. Stander, G. J., 


in Activated Sludge Plants.’’ Water 
and Sewage Works, 104, 4, 172 (1957). 
**Theoretical Performance 
of the Trickling Filtration Process.’’ 
THIS JOURNAL, 29, 9, 987 (Sept. 1957). 
and Gien, I., ‘‘The 
Toxicity of Copper to Anaerobic Diges- 
tion.’?’ Water and San. Eng. (Brit.), 
6, 159 (1956); Water Poll. Abs. 
(Brit.), 30, 167 (1957). 


. Stolley, R. H., and Fauth, E. H., ‘‘ Treat- 


ment of Sewage Sludge by the Mac- 
Donald Process.’’ Pub. Works, 88, 3, 
111 (1957). 

‘“The Settlement of Sew- 
age.’’ Jour. and Proc., Inst. Sew- 
Purif., Part 4, p. 349 (1956). 


3. Straub, H., ‘‘Composting of Municipal 


Garbage—Experiences of the Compost- 
ing Plant at Baden-Baden.’’ Gesundh.- 
Ing., 77, 312 (1956). 


. Taylor, D., ‘‘Sludge Conditioning and 


Filtration at Cineinnati’s Little 


632 

129 

11 130 

114 

132. 

11 

117 

134 

118 

135 

li 

% 

12 . 

139 

122 

140 

14 | 
124 

128 

12¢ 


Vol. 


146. 


147. 


148. 


150. 


30, No. 5 


Miami Sewage Works.’’ Jour- 
NAL, 29, 12, 1333 (Dee. 1957). 


5. Tedeschi, F. B., and Lucas, R. W., ‘‘En- 


closed Natural Draught Filter Beds.’’ 
Jour. and Proc., Inst. Sew. Purif, 
Part 2, p. 161 (1956). 

Theroux, R. J., ‘‘ Enlarged Sewage Dis- 
posal Facilities for Los Angeles.’’ 
THIS JOURNAL, 29, 2, 124 (Feb. 1957). 

Thomas, H. E., ‘‘Water Control and 
Use.’’? Ind. Wastes, 2, 5, 123; 6, 154 
(1957). 

Towne, W. W., Bartsch, A. F., and 
Davis, W. H., ‘‘ Raw Sewage Stabiliza- 
tion Ponds in the Dakotas.’’ Tus 
JOURNAL, 29, 4, 377 (Apr. 1957). 


. Ullrich, A. H., ‘‘ Experiences with the 


Plant.’’ 
104, 23 


Austin, 
Water 
(1957). 
Ullrich, A. H., and Smith, M. W., ‘‘Op- 
eration Experience with Activated 
Sludge—Biosorption at Austin, Texas.’’ 
THIS JOURNAL, 29, 4, 400 (Apr. 1957). 


Texas, 
and Sewage 


Biosorption 
Works, 


. Vosloo, P. B., and Finsen, P. O., ‘‘ The 


Application of the Activated Sludge 
Process to the Further Purification of 


The U, 


1957 LITERATURE REVIEW. I. 


RADIOACTIVE WASTE DISPOSAL AT SEA 


2. Welte, 


633 


Biological Filter Effluent.’’ Water 
and Waste Treat. Jour. (Brit.), 6, 8, 
348 (1957). 

E., Sahm, U., and Marx, T., 
‘*Inereased Dosage of Compost and 
Yield of Several Agricultural Plants.’’ 
Gesundh.-Ing., 78, 145 (1957). 


. Wennstrém, M., ‘‘Oxidation Ponds in 


Sweden.’’ K. Fysiogr. Sallsk. Lund. 
Handl. (Sweden), 66, 7 (1955); Chem. 
Abs., 51, 3888 (1957). 


. Wileox, R. F., and Cruickshank, D. §., 


** Solving 
Ukiah, 
29, 7, 


the Sewerage Problem at 
California.’’ THis JOURNAL, 
762 (July 1957). 


5. Wiley, J. S., ‘Progress Report on High 


Rate Composting Studies.’’ Proce, 11th 
Ind. Waste Conf., Purdue Univ., 91, 
334 (1957). 


. Wiley, J. S., and Pearce, G. W., ‘‘A 


Preliminary Study of High-Rate Com- 
posting.’’ Trans. Amer. Soc. Civil 
Engrs., 122, 1009 (1957). 


. Wilford, J., and Conlon, T. P., ‘‘Con- 


tact Aeration Sewage Treatment 
Plants in New Jersey.’’ Jour- 
NAL, 29, 8, 845 (Aug. 1957). 


S. Aiomic Energy Commission has licensed several private 
firms to collect and dispose of atomic waste materials. 


These licenses 


cover by-product material (radioisotopes) and source material (uranium 


and thorium). 


These licenses authorize the companies to gather waste materials 
from Atomic Energy Commission-licensed users and specify disposal 
at sea in at least 1,000 fathoms of water. 

Waste materials are to be disposed of at sites selected with the U. 8. 


Coast Guard which are outside normal shipping lanes. 


Materials are 


to be packaged in containers (usually 55-gal barrels) heavy enough to 


insure sinking to 1,000 fathoms. 


The Atomic Energy Commission requires notification at least 10 
days before each disposal, giving details of the disposal site location. 
It is announced that at 1,000 fathoms the waste containers should 


not be affected by ocean currents. 
ference with fishing. 


Also, there would not be any inter- 


The containers are believed to resist deterioration for several years. 
When the radioactive materials are released, the rate is expected to be 
quite slow, and the dilution factor is estimated to prevent radiation 


levels in the harmful range. 
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REDUCTION OF COLIFORM BACTERIA 
SEWAGE SLUDGE BY HALOGENS * 


By C. H. Donato A. DREYER, AND 
E. J. M. Bere 


Department of Preventive 


Reduction of coliform bacteria to 
fewer than 100 per 100 ml in primary 
sewage sludge consistently has been 
attained under the following experi- 
mental conditions: 


1. Limiting suspended solids to ap- 
proximately 1 per cent by dilution of 
thicker sludge with supernatant sew- 
age liquor. 

2. Homogenizing the test samples in 
2-1 portions in a 1-gal blender at 13,000 
rpm for 2 min. 

3. Treating the homogenized sam- 
ples with chlorine, bromine, or iodine- 
iodide solution so as to produce halo- 
residuals at the end of 2 hr 
greater than 10 mg/l equivalent of 
chlorine. 

4. Gentle stirring during the 2-hr 
contact period. 


gen 


These sludge halogenation experi- 
ments were initiated as an approach 
to studies of nitrogenous materials 
and suspended solids as limiting fac- 
tors in disinfection of sewage and sew- 
age sludge. The possibility of eco- 
nomic application of sludge disinfec- 
tion with even the lowest cost halogen 
was at first given little consideration. 
But the fact that reduction of coliforms 
to fewer than 100 per 100 ml usually 


* Presented at 132nd National Meeting, 
American Chemical Society; New York, 
N. Y.; Sept. 8-13, 1957. 


Medicine 
Texas Medical Branch, 


and Public Health, University of 
Galveston, Tex. 


was effected at chlorine doses no higher 
than 5 g per 100 g of sludge solids, 
merits evaluation. This is particularly 
true if it ean be demonstrated that the 
reduction in coliforms is accompanied 
by a significant reduction of pathogens. 

In sludge chlorination studies by 
Tyler, Orlob, and Williams (1) a goal 
of 99 per cent reduction in coliforms 
was realized, through aid of dispersion 
of solids by 50- to 200-fold dilution 
plus homogenization. The required 
doses for primary and digested sludge 
were approximately 5 g per 100 g 
solids. 

Chang and Morris (2) have reported 
evidence that elemental iodine is quite 
effective against several types of water- 
borne pathogens, including bacteria, 
amoebie eysts, cereariae, leptospirae, 
and viruses. They also found that 
nitrogenous impurities in water did 
not impair the germicidal action of 
iodine as much as that of chlorine. 
Chang, Baxter, and Eisner (3) have 
shown that elemental iodine is more 
germicidal than iodine in the form of 
the tri-iodide ion. 

McKee (4), from studies on disin- 
fection of settled sewage, reports that 
molecule for molecule, residual con- 
centrations of chlorine, bromine, and 
elemental iodine are about equally ef- 
fective in ecolicidal action. On the 
basis of chemically equivalent dosage 
chlorine was most effective, elemental 
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TABLE I.—-Rate of Reduction of Coliforms 


Sample 6-A* Sample 6-Bt 


} 
| 


Time | Resid | Coliforms per 100 ml Time | Residual Coliforms per 100 ml 
- | | | ng/ 

q 0 | | 0 4.9 X 10° 
10 sec 158 | 130,000 25 sec |} 194 17,000 
45 sec | 123 45,000 45 sec 166 23,000 
75 see us | 45,000 75 sec «176 12,000 

3 min | 109 6,800 3 min | 149 13,000 
11 min Lom 6,800 10 min 146 450 
30 min 67 1,400 | 30 min } 93 330 

1 hr 51 | 780 | 1 hr 81 11 

2 hr 36 2,300 2 hr 63 6.1 

4 hr 18 | 39 4 hr 40 | <18 


* Suspended solids, 1.19 per cent; chlorine dose, 702 mg/l. 
ft Suspended solids, 1.18 per cent; chlorine dose, 674 mg/I. 


iodine slightly less, and bromine only Total kill is closely approached within 
about one-half as effective. 2 hr. It is in this phase of measurable 

Colicidal rates, percentage reduc- rates of chlorine demand and colicidal 
tion, and reduction to stipulated low action that most information can be ob- 
numbers are commonly used for meas- tained on suspended solids and nitrog- 
urement of effectiveness of sewage dis- enous materials as influencing factors 
infection. Consideration of two chlo- in disinfection of sewage and sludge. 
rination tests on homogenized sludge Such studies are in progress to ob- 
illustrates why reduction of coliforms serve correlations of colicidal results 
to fewer than 100 per 100 ml may be’ with halogen doses and residuals im- 
a realistic indication of disinfection posed, with nitrogenous components 
effectiveness in such complex concen- and with degree of dispersion of sus- 
trated material. These tests were made pended solids. The observations re- 
on two comparable sludge samples in ported in this paper are limited pri- 
an attempt to follow chlorine demand marily to the 2-hr residuals found 
and colicidal rates. Results are listed necessary to approach a total kill of 
in Table I and semilog plottings with coliform bacteria in primary sludge 

A freehand curves of apparent best fit when the suspended solids are dis- 
are presented in Figure 1. persed by a 3- to 10-fold dilution of 

Within the first minute, chlorine de- thick sludge, plus blending action of 
mand and eolicidal action proceed at high-speed mechanical stirring. 

- immeasurable rates. The high initial 
rate of kill is due to a high population 
of most susceptible organisms exposed Sludge Sources 
to high concentrations of the most 
active forms of available chlorine. 
The fraction remaining, in the order 
of 1 x 10-* to 1 x 10°, still represents 
significant numbers. These are no 
doubt more resistant and less exposed, Lamarque, Tex., primary sedimenta- 
but still sufficiently susceptible and ex- tion tanks at and midway between the 
posed to succumb to the lower and still ypegular 4-hr sludge withdrawal in- 
decreasing concentrations of less tervals. The Galveston sewage usually 


germicidal forms of available chlorine. contained 5 to 20 per cent brewery 


Experimental Procedures 


Very fresh sludge was procured by 
1-hr settling of Galveston, Tex., sewage 
in 20-gal cans just prior to time of use 
in halogenation experiments. Slightly 
septic sludge was obtained from 
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REMAINING COLIFORMS - MPN 


Coliforms (6-A) 


Coliforms (6—-B) 


CHLORINE RESIDUAL-MG/L 


T 
24 


36 


TIME IN MINUTES 


FIGURE 1.—Colicidal rate. 


wastes (on BOD basis). The Lamar- 
que sewage was 100 per cent domestic. 


Preparation of Test Samples 


At the time of collection of a sludge 
sample it was thinned to within 30 to 
40 per cent of the desired suspended 
solids content by diluting with liquor 
supernatant to the thicker sludge. 
The thinned sample was homogenized 
in 2-1 portions: in a 1l-gal Waring 
Blendor at 13,000 rpm for 2 min. The 
homogenized sludge was divided into 
the desired number of equal portions, 
usually 700 ml. Control samples were 
diluted to 1 liter with Galveston tap 
water. Measured volumes of tap water 
were added to other test portions, such 
that the final volumes would be 1 liter 
after the desired halogen doses were 


added. 


Composition of Test Samples 


Bacterial and chemical analyses were 
initiated on control specimens at the 
time of setting up a series of test por- 
tions. Analyses were made on dehalo- 
genated test portions at significant in- 
tervals during and at the end of an 
experiment. The ranges of results of 
chemical tests on control specimens are 
given in Table II. 

Wide variations in suspended solids 
were deliberately included. The varia- 
tions in total nitrogen were primarily 
due to variations in suspended solids 
content. Variations in other compo- 
nents were primarily due to variations 
in composition of supernatant sewage 
and condition of the sludge. 


Halogen Dosage Water 


Halogen dosage solutions were pre- 


pared in Galveston tap water. Con- 
centrations were in the range of 50 to 
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TABLE II.—Characteristics of Sludge Test Samples 


Item Galveston, Tex.' Lamarque, Tex.? 
Number of test samples 12 32 
Suspended solids (%) 0.44 to 1.66 0.26 to 2.29 
Vol. susp. solids (% of ss) 72 to 83 50 to 85 
pH 6.7 to 7.4 6.8 to 7.5 
Alkalinity (mg/l) 480 to 980 460 to 840 
Chloride (mg/]) 510 to 910 230 to 560 
Ammonia nitrogen (mg/l) 18 to 48 7 to 47 
Albuminoid nitrogen (mg/I) 28 to 69 20 to 77 
Total nitrogen (mg/l) 150 to 440 | 100 to 440 
Sulfide (mg/l) —_—_ — 8 to 55 

| 


1 Laboratory settled. 
? From primary tank. 


100 me/l (2,000 to 3,500 mg/l of 
equivalent chlorine). Due to the high 
doses required, the iodine solutions 
were of necessity iodine-iodide solutions 
such that a major portion of the iodine 
was in the form of the tri-iodide ion 
(I,-) instead of elemental iodine. So- 
lutions used were made approximately 
0.4 M to insure that the iodine would 
be more than 95 per cent in the form 
This was based on considera- 
tion of the equilibrium constant re- 
ported by Jones and Kaplan (5) for 
the reaction of iodine (I,) and iodide 


I, + I- 


_ 
(I3-] 


=K=14xX 10" 
(at 25°C). . (2) 
For 0.4 MI-, 


(1) 
1.4 10° 
04 0.0035 (3 


A ten-fold dilution of 0.4 M iodide 
at time of dosage would theoretically 
leave 96.5 per cent of the available 
iodine in the form of the tri-iodide ion. 
Solutions of sufficient available iodine 
concentration have been prepared that 
were only 0.1 M with respect to [. 
Even with this iodine solution the theo- 


retical maximum proportion of avail- 
able elemental iodine at time of dosage 
would be no greater than 14 per cent. 


Dosage and Contact Period Conditions 


Halogen dosage water was added 
rapidly, at uniform rates from sample 
to sample and experiment to experi- 
ment. Samples were stirred vigor- 
ously during dosage. Throughout 
halogen contact periods samples were 
stirred at a uniform rate just sufficient 
to prevent subsidence of suspended 
solids. A Phipps and Bird 6-unit lab- 
oratory mixer was used, operating at 
60 rpm. Some experiments were made 
in which samples were stirred only at 
sampling times; that is, at 10, 30, 60, 
and 120 min. In such tests, slightly 
higher 2-hr residuals were observed. 
Colicidal results, however, were ap- 
proximately the same as for compara- 
ble samples and dosages when continu- 
ous stirring was applied (see footnote, 
Table III). 


Range of Suspended Solids Content 


Tyler et al. (1) made 50- to 200-fold 
dilutions of primary and digested 
sludge prior to homogenization and 
chlorination. For a 5 per cent sludge, 
a 50-fold dilution would leave only 
0.1 per cent suspended solids. For the 
experiments herein reported it was de- 
cided to start at approximately 0.2 per 
cent suspended solids and progress to 
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higher solids content. Most recent ex- 
periments have been at suspended sol- 
ids slightly higher than 1 per cent 
after addition of halogen dosage. 
Liquor immediately supernatant to 
thicker sludge has been used for dilu- 
tion in order to have soluble com- 
ponents approximately the same as 
that of the undiluted sludge. 


Hlomoge nization Pe riod 


The goal in dispersion of suspended 


solids by blending action was to reduce 
particle size to effect maximum ex- 
posure of bacteria and yet not kill 
appreciable numbers through 
longed high-speed agitation. The larg- 
est available laboratory blender was 
obtained. This was a 1-gal Waring 
Blendor having three rated speeds of 
13.000, 16,000, and 18,500 rpm. The 
lowest rate was selected as standard 


pro- 


operating speed, and a 2-1 portion was 
chosen as standard volume for homo- 
venization. The selection of 2 min as 
the standard homogenization period 
was based on the following experience : 


1. Physical and microscopic exami- 
nation of samples indicated no sig- 
nificant disintegration benefits by 
homogenization time in excess of ap- 
proximately 2 min. 

2. Homogenization of samples for 
periods up to 4 min produced no dem- 
onstrable colicidal effect attributable 
to the high mechanical agitation. 

8 Chlorination of non-homogenized 
samples gave an apparent high coli- 
cidal effect. But when such samples 
were homogenized after dechlorination, 
much higher numbers of remaining 
coliforms invariably demon- 
strated to be present. 

4. Such post-homogenization of sam- 
ples that had been pre-homogenized for 
at least 2 min gave little or no sig- 
nificant increase in apparent numbers 
of remaining coliforms. 


were 


Halogen Contact Period 


The results of repeated experiments 
to observe colicidal rates readily dem- 
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onstrated that an approach to a total 
kill of coliforms would require a 
halogen contact time of at least 1 hr 
for any feasible combination of ex- 
perimental conditions (see Table I and 
Figure 1). Even though colicidal ac- 
tion frequently was demonstrable 
through 4-hr periods, it appeared that 
a 2-hr period was most applicable for 
observation of reduction of coliforms 
to below 100 per 100 ml. It was rec- 
ognized that a 2-hr halogen residual 
per sé not a eriterion for 
indication of colicidal effectiveness ; 
therefore, halogen residuals were ob- 
served at as frequent intervals as 
seemed feasible (10 min, 1 hr, and 2 
hr). 


was sole 


Procedure for Halogen Residuals 


The ‘‘Standard Methods’’ (6) 
starch-iodide method for measuring 
chlorine residual in sewage was used 
for measuring halogen residuals. The 
high residuals and high suspended 
solids of samples required a 5- to 20- 
fold dilution of test portions. The di- 
lutions were made in portions of dis- 
tilled water containing the measured 
volumes of acetate buffer, potassium 
iodide, and standard thiosulfate. It 
is believed that the procedure measures 
with sufficient accuracy the effective 
halogen residuals present. 


Procedure for Coliform Bacteria 

The ‘‘Standard Methods’’ (6) mul- 
tiple dilution procedure for estimating 
most probable numbers (MPN) of coli- 
form bacteria in water was used for 
all tests. Lactose broth was used for 
the presumptive tests, planting five 
tubes for each dilution. Brilliant 
green lactose bile broth was used for 
confirmation tests. The procedure 
leaves much to be desired, but it is 
believed that most of the results fall 
well within the 13-fold range for 95 
per cent confidence limits recently re- 
ported by Woodward (7). The high 
suspended solids combined 
with the low numbers _at- 


eontent, 
coliform 
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tained, precluded the possibility of 
using membrane filter procedures. 


Results 


Chlorination Tests—Suspended Solids 
0.26 to 0.97 Per Cent 


Fourteen samples have been used in 
chlorination experiments where the fol- 
lowing conditions were imposed: 


1. Homogenization of samples for 2 
min. 


2. Suspended solids in final test por- 


tions limited to 1 per cent or less. 

3. Chlorine doses sufficient to obtain 
2-hr residuals greater than approxi- 
mately 10 mg/I. 

4. Continuous gentle stirring during 
the 2-hr contact period. 


in- 
chlorination 


Results of these experiments, 
eluding individual 
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tests, are presented in Tables III and 
IV. For nine of the samples, at least 
one of the chlorine doses was such 
that the 2-hr residual appeared to be 
very close to the minimum required to 
reduce coliforms to below 100 per 100 
ml. The range of these residuals was 
8 to 20 and the average 14 mg/l. One 
2-hr residual of 17 mg/l, within the 
8 to 20 range, resulted in an MPN 
reduction to 110 per 100 ml (see 
Table IV, ss at 0.96 per cent). In 17 
other tests the 2-hr residuals were ap- 
preciably above the apparent 8- to 20- 
mg/l minimum required range. The 
coliform reduction, as indicated by the 
MPN determination, was consistently 
well below 100 per 100 ml level. In a 
few instances the MPN fell to below 
1 per 100 ml. The ranges and averages 
of chlorine and residuals and 
other pertinent data are summarized 
in Table V. The required chlorine 


doses 


TABLE III.—Reduction of Coliforms in Sewage Sludge: Suspended Solids, 


0.26 to 0.63 Per Cent 


Susp. 
Solids 


Chlorine 


(mg/l) 10 Min 


46 
42 


234 
312 


34 


81 
161 
242 
320 
400 
480 


126 
168 
252 
336 
420 
210 
210 
230 
317 
317 
317 
317 


56 
64 
66 


Chlorine Residual (mg/l) 


Dose — 


1 Hr 


| Coliforms (MPN/100 ml) 
At 2 Hr 
0.78 
3.4 


Original | 


10° 
x 108 
10° 


10° 
10% 


>2.4 X 10° 
540 
33 
108 4 
10° 2.3 
108 0.7 


x 
x 

x 

x 

x 

x 

x 108 |>2,400 
x 10° | 240 
108 23 
x 108 
x 
x 
x 
x 
x 
x 
x 
x 


4.9 


10° 


10° 
10° 


10° 


37 

39 | 
51* 
50* 


108 
108 
10° 


* Not stirred during contact period except at 10 min, 1 hr, and 2 hr. 


- 
: 
- 
0.26 24 Ay 
0.26 | | | 30 : 
; 0.44 0 0 0 | 1.3 Aig 
0.44 36 20 10 | 1.3 
0.44 64 48 28 1.3 
O44 | 100 75 60 1.3 
0.44 95 65 50 1.3 
0.54 2 | 1 0 7.1 
0.54 16 | 4 3 7.1 
0.54 42 | 22 13 7.1 Ag 
0.54 82 54 35 7.1 Oe 
0.54 | 10 | | | 7.1 9 
0.56 | 75 | 50 20 | 5.4 Me, 
0.56 9 | 60 | 25 5.4 
0.60 | | 8 | 23 
0.63 | 738 54 7.9 
0.63 78 7.9 9 
0.63* 80 7.9 
0.63* | 78 | | 7.9 9 
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TABLE IV.--Reduction of Coliforms in Sewage Sludge: Suspended Solids, 
0.72 to 0.97 Per Cent 


Chlorine Residual (mg/l) Coliforms (MPN/100 ml) 


‘ ng/l) 10 Min 1 Hr 2 Hr Original | At2Hr 
0.72 208 33 6 2 24 xX108 | 540 
0.72 416 116 94 76 | 2.4 X 108 2 
0.73 235 416 21 12 11 108 | 45 
0.73 235 $1 20 12 il x 108 45 
0.73 326 101 60 43 ll x 108 5.6 
0.73 326 98 62 43 11 x 108 5.6 
0.74 338 73 46 35 | 0.35 x 108 23 


0.74 268 | 38 17 8 3.3 XX 108 | 24 
0.74 447 79 } 60 42 3.3 X 10° | 4.9 


0.77 347 59 26 18 4.9 10° | 49 


x 


0.93 $34 52 32 19 


x 


108 | 33 


0.96 435 41 25 17 7 ™%*10° | 110 
0.96 435 42 | 24 14 7 xX 108 32 
0.96 675 78 62 49 11 
0.96 675 81 56 18 | 7 x10° | 4 


0.97 388 76 54 34 0.5 
0.97 166 67 | 48 29 0.5 


108 | 0.7 
108 | 0.2 


xX 


doses, on mg/l] basis, at first thought Chlorination Tests—Suspended Solids 
seem to be extremely high, but when Greater Than 1 Per Cent 


considered on the basis of g/100 ¢ or 
lb/100 Ib of suspended solids, do not 
appear too unrealistic. The actual 
numbers of coliforms remaining are 
very small, but may be still significant te IX. The homogenization time, 2 
from the standpoint of disinfection, min, and the gentle stirring through 
The fractions of coliforms remaining the 2-hr contact period were the same 
are extremely small. as for samples of lower solids content. 


Results of chlorination tests on sam- 
ples containing suspended solids higher 
than 1 per cent are given in Tables VI 


TABLE V.—Reduction of Coliforms in Sewage Sludge by Chlorine: 
Suspended Solids, 0.26 to 0.97 Per Cent 


Min Effective 2-Hr Residuals for 
MPN to Below 100/100 mI! | MPN to Below 100/100 mI? 


Range Average Range Average 
Suspended solids (%) | 0.44to 0.96 0.7 0.26 to 0.97] 0.7 
Chlorine dose (mg/1) | 210 to 435 | 300 210 to 675 355 
Chlorine dose (g/100 g ss) 3.2 to 5.5 4.3 3.2 to 7.0 | 5.1 
Chlorine residual (mg/]) 8 to 20 | 14 8 to 76 | 32 
MPN remaining 24 to 45 | 36 0.2 to 49 | 17.5 
Fraction coli remaining (3.2 to 9.5 X 10-*| (0.4 to 4.4 107% 


9 samples. 
? 14 samples, 29 tests. 


3 

Susp Chlorine | 
Se 

| 

a | 

oe 

Item 
1 
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TABLE VI.—Reduction of Coliforms in Sewage Sludge: Suspended Solids 
Higher than 1 Per Cent 


641 


Chlorine Residual (mg/1) 


Chlorine | Coliforms (MPN/100 ml) 
Solids | Dose 7 | 

10 Min | 1Hr | 2Hr | Original At 2 Hr 
119 360 2 | | 12 | 22x 108 230 
1.19 360 31 19 1.8 22 x 108 130 
1.19 440 57 33 a 22 X 108 54 
1.19 440 52 31 17 22 x 108 160 

| | 

1.28 484 35* | 26 19 | 23 x 108 17,000 
1.28 623 55* 42 33 2.3 x 108 3,300 
1.28 761 79* 58 44 2.3 x 108 28 
1.54 330 19 5 0 9.2 xX 105 920,000 
1.54 440 25 11 6 9.2 xX 108 160,000 
1.54 550 38 25 18 9.2 x 108 2,200 
1.54 660 63 40 29 9.2 xX 108 540 
1.54 77 71 51 42 9.2 xX 108 470 
1.54 880 94 69 52 92 xX 10° 27 
1.66 501 38 17 7 0.45 X 108 7,900 
1.66 501 36 14 9 0.45 X 108 4,900 
1.66 668 62 43 28 | 0.45 x 108 3,300 
1.66 | 668 59 38 30 0.45 X 108 700 


* Chlorine residual at 30 min. 


There is evidence that, with increasing 
suspended solids, progressively higher 
2-hr residuals were required to reduce 
coliforms to below 100 per 100 ml. 
The observed minimum residuals ef- 
fecting this reduction in six samples 
suspended solids, 1.03 to 1.54 per 
cent) ranged from 16 to 52 and aver- 
aged 29 mg/l. The doses required to 
effect these residuals ranged from 446 
to 880 and averaged 576 mg/l. On 
the basis of ¢/100 g of suspended solids 


TABLE VII.—Reduction of Coliforms in Sewage Sludge by Chlorine’ 
(6 Samples; Suspended Solids, 1.03 to 1.54 Per Cent) 


the doses varied from 3.7 to 5.7 while 


averaging 4.6 g. These ranges and 
averages are summarized in Table VII. 


Tests with Bromine and Iodine 


The results of experiments in which 
colicidal effectiveness of bromine and 
iodine was compared with that of chlo- 
rine are reported in Tables VIII and 
IX. Summaries of observed minimum 
residuals resulting in reduction of coli- 
forms to below 100 per 100 ml are 


| 


bes Chlorine Dose cl 
Susp. Orig | as MPN | Fraction MPN 
Solids (MPN) | at2Hr | Remaining 
(mg/}) (2/100 ss) & | 
1.03 | 23x 10% | 483 47 | @ 7.8 3.4 
446 4.0 16 70 41 1075 
113 | 49x 108 446 3.9 | 17 79 16 x 10% 
119 | 22 108 40 | 2.5 10-8 
1.28 2.3 x 108 761 5.9 44 28 12 x 10-9 
1.54 | 9.2 x 108 880 5.7 52 27 2.9 « 10-8 
Avg 1.22 | 7.2 X 108 | 576 | 4.7 | 29 44 


12 xX 10° 


' Minimum observed 2-hr residuals for MPN to below 100 per 100 ml. 


- 
: 
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TABLE VIII.—Reduction of Coliforms in Sewage Sludge: 
Comparison of Chlorine and Bromine 


Chlorine (mg/l) Bromine (mg/1l)* 


Solids | Catone | Residuals | Residuals 


| Dose — = 
110 Min| 1 Hr 10 Min} 1Hr | 24Hr 

: 
10) 447 | 79 | 6 21 


108) 90 


10% 289 | 27 3: 16 
108} 386 | CS 22 
10%} 483 8 8 43 


105 27 
£105) — 74 
108 


323 
10% 539 


1.24f |7.9 10% 302 


108} 403 
108} 504 


* In equivalent chlorine. 
t See also Table IX. 


TABLE IX.—Reduction of Coliforms in Sewage Sludge: 
Comparison of Chlorine and Iodine 


Chlorine (mg/l) Iodine (mg/1)* 


Susp. ONT 
Solids | MPN 
%) 


Coliforms 
MPN at 2 Hr 


N) Residuals Re II N Residuals 


| if 


2 Hr 


| | 
| }10Min| 1Hr | 24Hr 10 Min| 1 Hr 
0.97 0.0 X10) 388 i= 7 226 60 | 9 


0.97 |0.49X105) 466 7 | 2s .2| 302 | 107 | 83 | 54 
1.03¢ |2.3 289 330 | 204 | 36 | | 
1.03 |2.3 10%} 386 | 63 | : 8 | 271 | 81 | 30 | 14 
1.03 |2.3 X108| 483 | 27 8| 337 | 137 | 35 


x10! 397 | 50 | 19 | : 276 | 60 | 6 
446 | 30 | 16 318 | 81 | 12 
496 | 5 | 3 341 | | 5 49 


X108| 397 | 2 9 | | 293 | 78 | 32 | 12 
108} 446 | 7 | 9 | 325 | 5 19 
x 10°} 496 | 39 | 358 | | 33 
108} 403 
504 


4 <108 340 | 21 | 35,000 0 >2.4x 105 
425 53s 11 |35,000 | 2,300 


* In equivalent chlorine. 
+ See also Table VIII. 


a 642 | May 1958 
2 | MPN 
| 

a 0.74 |3.3 X 7,800 
fac 0.74 |3.3 > | 2,700 
} 

aS 1.03t |2.3 X 3 | O | 16,000 
1.03 |23 x 180 
1.03 x | 11 5 <18 

a 1.03 |0.8 | 9 4 430 
oe 1.03 |0.8 | 18 9 | 11 
1.03 > | 34 | 14 <18 
1.13 34 is | 10 170 | 512 | 8 4 | 0 | 70,000 
Ae 1.13 |1.7 68 | 48 | 42 79 | 849 | 46 | 16 | 10 6.1 

— 6, 2] O - 
1.24 |7.9 > | 16 2 832 | 10 4 0 
ay 1.24 [7-9 x | 24 16 12 |7,900 | 1,040 | 14 9 4 | 110 

— 
| 

7.9 
0.9 

| 340 | 
| 240 
14 
| 

1.12 (1.7 49 
1.12 [1.7 46 . 
1.12 |1.7 33 

1.13 |4.9 21 
1.13 |4.9 26 
1.13 |4.9 | 33 
| 

= 1.24f |7.9 | 260 
1.24 |7.9 17 
1.92 |2. 

1.92 |2 
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TABLE X.-Reduction of Coliforms in Sewage Sludge by Bromine and Iodine: 
Comparison with Chlorine 


. Chlorine (mg/l) Bromine (mg/1)! | | 
Salite MPN | MPN __| Dose Ratio 
(%) | Dose Residual at 2 Hr Dose Residual | at 2 Hr Bri/Cls 
| sm | | 
0.74 | 28 | | 672 | o2 | 25 
1.03 483 | 27 900 5 18 | 19 
1.03 483 | 27 78 | 960 9 11 
113 | 42 | 79 849 10 | 6.1 | 1.6 
504 12 2.1 


Chlorine (mg/l) | Iodine (mg/l)! 
— | MPN MPN _| Dove Ratio 
Dose 2Hr Dose 2Hr | 

0.97 388 34 0.7 226 9 7.9 0.56 
1.03 483 27 7.8 337 35 14 0.7 
1.12 446 16 70 276 6 49 0.62 
1.13 446 17 | 79 293 12 21 0.66 
1.24 504 12 (7,900) 355 17 17 0.70 


! In equivalent chlorine. 


presented in Table X. All doses and forms to below 100 per 100 ml. After- 
residuals are expressed in chemically growth of coliforms resulted in such 
equivalent chlorine. The results of samples when they were dechlorinated 
this limited number of comparisons and seeded with fresh sewage. The 
indicate that chemically equivalent terminal pH values ranged from 6.0 to 
residuals of chlorine and iodine have 7.2 for observed minimum effective 
approximately the same ecolicidal effect. doses and residuals in tests at sus- 
On the same basis there were indica- pended solids lower than 1 per cent 
tions that bromine had a higher effect. (Table V). The terminal pH range 
The required doses of iodine were ap-_ was 6.0 to 6.5 for effective iodine doses 
proximately two-thirds and those of and residuals at suspended solids from 
bromine approximately twice the doses 0.97 to 1.24 per cent (Table IX). 
° required for chlorine. The required bromine doses reduced 
pH to such low values that satisfactory 
comparisons cannot be made of the 
Colicidal action in these sludge effective bromine residuals with the 
halogenation experiments was no doubt ¢ffective chlorine and iodine residuals 
augmented by lowering of pH. The attained at higher pH values. Bitten- 
buffering action of the high alkalinity bender et al. (8) and Rahn (9) have 
and suspended solids prevented this reported colicidal action due to acidity 
from being a major factor, except with alone at pH values below 3.0. They 
the high required doses of bromine. so have shown that lowered pH 
In five of the chlorination tests pH values augment action of many bac- 
values fell to below 5.0 (range 4.3 to tericides, but are not the major factor 
4.9) and in five others to the range of at a pH above approximately 3.0. 
5.0 to 5.4. Most of these were with For bromine doses and _ residuals 
samples receiving doses in excess of which reduced coliforms to below 100 
the minimum required to reduce ecoli- per 100 ml, pH values fell below 4.0. 
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In one test at suspended solids of 1.13 
per cent and bromine dose of 849 mg/l 
(Table VIII), the pH value declined 
to 2.6. Other bromine doses reduced 
pH values below 4.0 without producing 
a measurable 2-hr bromine residual. 
In such tests, coliforms were not re- 
duced to a level as low as 100 per 
100 ml. 

The finally effective colicidal action 
of halogen doses and residuals imposed 
is attributed primarily to dispersion of 
solids. It is reasonable to assume that 
if solids are disintegrated sufficiently 
to expose individually all organisms, 
the principal if not the only limiting 
factor to total kill is the specific re- 
sistance of the organisms to germicidal 
agents present. Experimental failure 
to attain total kill was probably due 
in most instances to the presence of 
particles still large enough to house 
and protect bacteria. Increased higher 
2-hr residuals were required for in- 
solids content of samples. 
This is attributed in part to less effi- 
ciency in homogenization in the sam- 
ples of higher solids concentration. It 
also may be due to tying up of more 
of the available halogen in less bac- 
tericidal forms by the increased mass 
of nitrogenous material. 


creased 


Summary 


Reduction of coliform bacteria in 
primary sewage sludge to most prob- 
able numbers below 100 per 100 ml 
consistently has been attained under 
the following experimental conditions: 


1. Limiting suspended solids to 1 
per cent or less in final chlorinated 
portions, by diluting with liquer im- 
mediately supernatant to thicker 
sludge. 

2. Homogenizing the diluted sam- 
ples in 2-1 portions for 2 min in a 1- 
gal blender at 13,000 rpm. 

3. Adding sufficient chlorine water 
to the homogenized samples to obtain 
2-hr residuals in the range of 10 to 20 
mg/l. 
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4. Stirring the chlorinated samples 
during the 2-hr contact period at a 
rate barely sufficient to prevent sub- 
sidence of solids. 


Minimum doses required for very 
fresh to slightly septic sludge, in sam- 
ples having from 0.44 to 0.97 per cent 
suspended solids, ranged from 210 to 
435 and averaged 300 mg/l. On ae 
per 100 g suspended solids basis, the 
required doses averaged 4.3 g, with 
total variation from 3.2 to 5.5. 

Increased 2-hr residuals and mg/l 
doses were required with increased 
suspended solids content. For samples 
having 1.03 to 1.54 per cent solids, 
required residuals varied from 16 to 
52 and averaged 29 mg/l, required 
doses ranged from 446 to 880 and 
averaged 576 mg/l, and on g per 100 ¢ 
suspended solids basis the required 
doses averaged 4.7 ¢ from limits of 3.7 
to 5.7. 

In comparable halogenation experi- 
ments using bromine water and iodine- 
iodide solution, results obtained indi- 
eated that on chemical equivalent basis 
bromine residuals had greater colicidal 
activity than the chlorine or iodine 
residuals. Chemically equivalent chlo- 
rine and iodine residuals had approxi- 
mately the same colicidal activity. 

On chemical equivalent basis the re- 
quired effective bromine doses were 
approximately twice and the required 
iodine doses were two-thirds those re- 
quired for chlorine. 


Acknowledgment 


The investigation described in this 
paper was supported in part by a re- 
search grant from the National Insti- 
tutes of Health, U. S. Publie Health 
Service, and in part by the James W. 
McLaughlin Foundation, University of 
Texas Medical Branch. 


References 


1. Tyler, R. G., Orlob, G. R., and Williams, 
F. W., ‘‘Chlorination of Raw and Di- 
gested Sludge.’’ THis JOURNAL, 22, 
7, 875 (July 1950). 

2. Chang, S. L., and Morris, J. C., ‘‘Ele- 


$ 


Vol. 30, No. 5 HALOGENATION OF SEWAGE SLUDGE 645 


mental Iodine as a Disinfectant for Iodide.’’ Jour. Amer. Chem. Soc., 50, 
Drinking Water.’’ Ind. Eng. Chem., 1845 (1928). 
45, 1009 (1953). . ‘*Standard Methods for the Examination 

3. Chang, S. L., Baxter, M., and Eisner, L., of Water, Sewage, and Industrial 
**Studies on the Destruction of Cysts Wastes.’’ 10th Ed., Amer. Pub. 
of Endamoeba histolytica in Water by Health Assn., New York, N. Y. (1955). 
Tri-Iodide Ion. II. Dynamies of De- . Woodward, R. L., ‘‘How Probable is the 
struction of Cysts of E. histolytica in Most Probable Number?’’ Jour. 
Water by Tri-Iodide Ion.’’ * Amer. Amer. Water Works Assn., 49, 8, 1060 
Jour. Hyg., 61, 133 (1955). (1957). 

. MeKee, J. E., ‘‘Report on The Disinfec- . Bittenbender, W. A., Degering, E. F., 
tion of Settled Sewage.’’ Div. of En- Tetrault, P. A., Feasley, C. F., and 
gineering, San. Eng. Research, Calif. Gwynn, B. H., ‘‘ Bactericidal Proper- 
Inst. Tech. Chapt. VII-18 (1957). ties of Commercial Antisepties.’’ Ind. 

5. Jones, G., and Kaplan, B. B., ‘‘ The Iodide, Eng. Chem., 32, 996 (1940). 

Iodine, Tri-Iodide Equilibrium and the . Rahn, O., ‘‘Death of Bacteria by Chemical 
Free Energy of Formation of Silver Agents.’’ Biodynamica, 5, 1 (1945). 


WASTE-WATER REUSE PREDICTIONS 


In a 2-yr study of the potential for water reuse in eastern Texas, 
waste-water quantities were estimated for the next 50-yr period. At 
present, about 29 per cent of the total water demand of the project area, 
or about 130 bil gal, finally appear as secondary treated sewage. By 
2010 this proportion is expected to decline to about 22 per cent; how- 
ever, by that time total water demands will have increased to almost five 
times the 1954 volume. 

The following shows the estimated waste-water production by major 
industries in the area of study for the period 1954 to 2010: 


Quantity of Waste Water (bil gal/yr) 
Industry 


2010 


Mining 5. 14.32 
Primary metal products 3.7 RS 34.33 
Transportation equipment A 56 12.88 
Stone, clay, and glass products § 78 3.29 
Food and kindred products AE AG 23.45 
Textile products 2.14 
Paper and allied products 75.92 
Chemicals and allied products 452.83 
Petroleum and coal products 75.27 
Others d 30.22 49.79 


| 


367.37. | 744.22 


: 
| 1954 | 1975 
: 
‘ 
‘gt 
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WASTE STABILIZATION PONDS 
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Due to pioneer efforts in the de- 
velopment of waste stabilization ponds 
a wealth of data has been obtained by 
the Texas State Department of Health 
from various installations in operation 
throughout the State of Texas. From 
this background data, classification and 
compilation were made to make a sta- 
tistical analysis. 


Scope of Study 


A list of communities known to utilize 
vaste stabilization ponds for all or part 
of their sewage treatment was provided 
by the Water Pollution Control Di- 
vision of the Texas State Health De- 
partment. Parameters relative to 
waste stabilization ponds were selected 
for: 


1. Their importance in measuring 
the degree of waste treatment aeccom- 
plished. 

2. Their relationship to nuisance and 
aesthetic values. 

3. Their relationships to community 
size and waste characteristics. 

4. Their significance in developing 
design criteria. 


Tables containing a list of 
munities selected for study and 48 dif- 
ferent column headings were con- 
structed. The data compiled in these 
tables were obtained from _ three 
sources: (a) the correspondence and 


com- 


*Second of a three-part series. Part I 
appeared in THIS JOURNAL, 30, 4, 511 (Apr. 
1958 

+ Presently, Industrial Hygiene Engineer, 
Humble Oil and Refining Company, Baytown, 
Tex. 


municipal status files of the Texas 
State Health Department’s Water Pol- 
lution Division; (b) a 
stabilization pond field study made in 
1955 under U. 8. Public Health Serv- 
ice sponsorship; and (ec) pond or la- 
goon studies made by Texas Health 
Department personnel during the past 
few years. 

At least 95 
pertinent to 
was 


Control waste 


cent of the data 
the chosen parameters 
and tabulated. Most of 
these data originated within the past 
few years and utilization of data ante- 
dating 1950 was unnecessary in all but 
a few cases. 


per 


selected 


Analysis Procedures 


Each column of tabulated data was 
subjected to a statistical analysis, or if 
the parameter involved did not lend 
itself to numerical expression, the data 
were simply separated into categories. 
Table I includes the statistical sum- 
mary for these data. The values re- 
ported for summation (=), number of 
observations (N), crude arithmetic 
mean (M), and maximum and mini- 
mum were obtained by simple arith- 
metic and direct observation. The re- 
maining values for each parameter, 
however, required the construction of 
a frequency distribution and plotting 
of frequency distribution summation 
values on arithmetic probability and 
logarithmic probability paper. The 
mode (M,), was then selected and the 
median (M,) ecaleulated from the fre- 
From the 
two summation plots of the frequency 


queney distribution table. 
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distribution, the distribution was desig- 
nated as either arithmetically normal 
or geometrically normal and the ap- 
propriate mean (M,) or (M,) and its 
corresponding standard deviation (0,) 
or (o,) were obtained graphically. 

In reviewing the statistical summary 
it should be borne in mind that in an 
arithmetically normal frequency distri- 
bution the arithmetic mean and median 
coincide. In a geometrically normal 
frequency distribution the geometric 
mean and median coincide. Just as the 
ranges M,+o,, M,+20,, and M,+ 
3o, of an arithmetically normal curve 
include 68.2 per cent, 95.5 per cent, 
and 99.7 percent, respectively, of 
all values; similarly, the ranges 
a geometrically normal curve will in- 
clude the same percentages, i.e., 68.2, 
95.5, and 99.7 per cent. In addition, 
the geometric standard deviation in- 
herently incorporates the concept of 
the coefficient of variation because it is 
a ratio to the geometric mean. 

As a note of caution, the statistical 
analysis for each column heading is 
based upon random observations re- 
ported from waste stabilization ponds 
actually in operation. As such, the 
average figures reported represent the 
central tendeney of that which occurs 
in practice throughout a certain geo- 
graphical area and not a recommenda- 
tion of these figures as optimum values. 


Results 


The results of this study of waste 
stabilization ponds in Texas are pre- 
sented numerically in Tables IT to VII. 
Raw data tabulations from which these 
results were obtained may be found in 
a report prepared for the Atomie En- 
ergy Commission (1). 


Discussion 
Population and Sewage Characteristics 


The waste stabilization ponds in- 
cluded in this study were designed to 
serve populations ranging from 500 to 
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56,000 people. However, one unde- 
signed pond, actually a lake near San 
Antonio, is occasionally used as an 
auxiliary treatment device to serve 
more than 500,000 people. The popu- 
lation of the average community may 
be projected from the 1950 figure to 
the present time as about 2,700 people 
whereas the average population served 
is estimated currently as 2,200. The 
design population, relatively unaf- 
fected by the time lapse between the 
origination of the data and its utiliza- 
tion in this study, may be taken di- 
rectly as 2,810, the M, value. 

Sewage flow, based upon population 
served, averaged 80 gpd/eap and in 
one-half the cases reported this waste 
water contained industrial wastes. 
Poultry packing plants were the main 
industrial waste contributors in these 
small communities. It should also be 
noted that in 174 of the 182 com- 
munities reporting on pretreatment, 
their waste stabilization ponds were 
used as secondary or even tertiary 
treatment devices; only 4.4 per cent 
of the installations used ponds for pri- 
mary treatment. Of a wide variety of 
pretreatment devices employed, Imhoff 
tanks were by far the most common. 


Pond Sizes, Arrangements, and Re- 
circulation 


The data relative to the number of 
pond cells per installation, pond di- 
mensions, provisions for recirculation, 
connection of ponds in series or paral- 
lel, and detention period may be taken 
at face value. 


Influent and Effluent Analyses 


The chemical and physical analyses 
reported in statistical form were de- 
rived from raw data obtained in ac- 
cordance with standard sampling and 
analytical techniques. The analytical 
techniques may be considered quite 
uniform but the sampling techniques 
varied with the exigencies of the situ- 
ation. Some of the results were ob- 
tained from grab samples while others 
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TABLE II.—Type of Waste Received 


at Treatment Facility 


| Per Cent of 
Total 


Number 
Reported 
| 


Type Reported 


Domestic sewage 50 
Domestic sewage plus | 
industrial waste 50 


Total | | 100 


represent composite hourly samples in 
proportion to rate of flow. 

It should be noticed that on the aver- 
age there was a 24 per cent reduction 
in the total alkalinity of the effluent 
water relative to the influent to the 
pond. This indicates that there was 
considerable utilization of carbon di- 
oxide from carbonates and bicarbon- 
ates and the pH value also 
showed a definite increase, the carbon 


since 


TABLE III.—-Frequency Tabulation 
of Pretreatment Devices 


Per Cent of 
Total 
Reported 


Number 


Type of Device Reported 


o 


lays 

1 Hays 

Fen Cn Fin Cm 


A, 


FRR RRA A 
~ 


Total 182 


* Identification of symbols: 


Imhoff tank. 
Standard rate filter. 
-High rate filter. 
Sedimentation 
equipment. 
Septic tank. 
Plain sedimentation. 
Dunbar filter. 
Activation. 


with mechanical 
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TABLE IV.—Arrangement of Ponds 
Having More Than One Cell 


Per Cent of 
Total 
Reported 


81.1 


Arrangement | | 


Series only 
Series and/or parallel | 
Series and parallel 
Series or parallel 
Parallel only 


Total 


dioxide thus obtained apparently was 
photosynthesized into organic material 
in the form of algal cells or lost to the 
atmosphere. 

The geometric mean values for chlo- 
ride concentrations in the waste water 
entering and leaving the ponds show 
the effect of concentration due to 
evaporation BOD measure- 
ments of raw or primary settled waste 
waters flowing into waste stabilization 
ponds may be accepted as falling 
within the limits of accuracy of the 
BOD test. Influent waste water from 
secondary treatment devices, however, 
may or may not be highly nitrified; 
statistical results including these 
values could introduce considerable 
error. Of more consequence, 
is the likelihood of error arising from 
the application of the conventional 
BOD technique to effluent pond sam- 


losses. 


serious 


TABLE V.—Frequency Tabulation of 
Recirculation Provisions 


| Per Cent of 
| Total 
Reported 


Number 


Recirculation Reported 


None 17 
Pond effluent to 
Imhoff tank 
Pond effluent to 
sedimentation tank | 
From any pond to 
any other pond 
Pond effluent to 
plant! 


| 


Total 25 100.0 
| 


‘No designation of treatment plant element 
was given. 
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TABLE VI.-—Disposal of Final Effluent 


Number | Per Cent 


Effluent Discharged to * of Total 
| Reported Reported 
Stream or stream bed | 80 45.7 
Land for irrigation | 74 42.3 
Air and ground via 
evaporation and seep- 
age (no effluent) 21 12.0 
Total 175 100.0 


ples which undoubtedly had extremely 
variable concentrations of algae pres- 
ent. These algae may have generated 
oxygen during the ineubation period 
if light was not carefully excluded, or 
they may have been antagonistic to 
the sewage seed employed, resulting in 
two possibilities: if the algae died the 
dead cells would exert additional 
BOD; if the algae lived and killed 
off the bacteria there would be little 
or no BOD exerted. In short, the 
BOD results involving effluent meas- 
urements and BOD efficiency of the 
system should be interpreted with 
eaution. The numerical values pre- 
sented for the remaining physical and 
chemical parameters require no com- 
ment for interpretation. 


Climatology, Land Irrigation, and De- 
tention 


The average figures given for tem- 
peratures, wind speed, possible sun- 
shine, sky cover evaporation minus pre- 
cipitation, area of land irrigated, and 
detention period are all considered 
representative with no serious limiting 
factors. With the exception of land 


area under irrigation these parameters 
are all interrelated. 


The practice of 
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TABLE VII. 
Related to Waste Stabilization Ponds 


Miscellaneous Conditions 


Number of 
Answers 
Obtained 


Per Cent 
| of Total 
Questions Answers 

Total Yes No 


Mosquito problem 
exists 26 | 23 | 77 


Odor complaints arise 9 60 | 69 | 13 | 87 
Effluent appears clear | 38 | 44 | 14 
Fish present in pond 31/36) 67 | 46 | 54 
Ducks use pond 54/13] 67 | 81/19 
Process recommended 69; 1) 70 |99) 1 


operating dead-end ponds (no outlet) 
should be discouraged since most of 
this water is lost to the atmosphere. On 
the other hand it should be pointed 
out that the shorter the detention pe- 
riod the smaller the pond; the cheaper 
the initial cost, the lower the evapora- 
tive losses, and the less the likelihood 
of excessive algal buildup. 
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TOTAL OXIDATION TREATMENT OF 
ORGANIC WASTES * 


By 


JoHN A. TAPLESHAY 


Manager, Industrial Equipment Department, Chicago Pump Company, Chicago, Ill. 


The treatment process providing 
total oxidation of organic wastes has 
developed in the last few years into an 
important method of waste treatment. 
The fact that total oxidation of organic 
wastes is feasible is not a new concept; 
however, the method of applying it to 
the treatment of domestic and indus- 
trial wastes is recent. Many years 
ago field sanitary engineers, in the 
course of operating sewage treatment 
plants, recognized that, in some in- 
stances, it was possible to build up and 
maintain mixed liquor solids in an 
aeration tank at relatively fixed levels 
without wasting any activated sludge 
in order to control the concentration of 
solids. This phenomenon usually oc- 
curred in plants where the actual flow 
was considerably less than design and 
where consequently the aeration period 
was considerably longer than design. 
While this phenomenon was recognized, 
it was considered to be an operating 
problem which existed when a plant 
was underloaded rather than a _ po- 
tentially important tool. It was not 
until many years later that aeration 
was applied in a manner so as to take 
advantage of these observations. 

Initially the process t was applied to 
the treatment of dairy wastes. It was 
first applied to this type of waste, since 


* Presented at the 1957 Annual Meeting, 
Pennsylvania Sewage and Industrial Wastes 


Assn. ; Park, Pa.; 
1957. 

+ Now known as Ratedaeration. This is a 
trademark of the Chicago Pump Company 
for the design, supervision and installation 
of equipment in accordance with its devel- 
oped process. 


University Aug. 28-30, 


the solids present are primarily or- 
ganie and for the most part soluble, 
so that there is no need for primary 
settling to remove easily settled solids. 

The success of the dairy waste 
treatment plants led to the application 
of the same process to the treatment of 
domestic sewage. The use of the proc- 
ess for the treatment of domestie and 
industrial wastes has since developed 
to the point where there are approxi- 
mately 175 plants installed or in the 
process of construction. 


Process Application 

This total oxidation process consists 
primarily of comminution of the sew- 
age, long-period aeration, final settling 
of the sludge, and return of the settled 
sludge to the aeration tank. Figure 1 
shows flow diagrams for an activated 
sludge plant and a plant adapted to 
the Ratedaeration design. This 
shows the simplified layout of the com- 
plete oxidation type of plant. Pri- 
mary settling and sludge digestion are 
eliminated, while the aeration system 
in the total oxidation unit is enlarged 
to provide the required aeration pe- 
riod. 

Application of the process has been 
primarily for schools, small subdi- 
visions, factories, shopping centers, 
clubs, and trailer parks. The installa- 
tions are relatively small, ranging from 
a minimum of 2,000 gpd to approxi- 
mately 200,000 gpd. The lower flows 
are handled by fabricated steel units, 
shipped completely assembled to the 
job site. A single unit of this design 
has a maximum capacity of 7,500 gpd 
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and, under some conditions, duplicate 
units are used, bringing the maximum 
capacity in this type of unit up to 
15,000 gpd. 

Figure 2 shows the type of unit used 
for low flows. In this package unit 
flow enters through a comminutor and 
drops directly into the aeration tank. 
Air is provided by the blower mounted 
on the top of the tank and is diffused 
though dise diffusion units * mounted 
on a swing diffuser. The mixed liquor 
passes through a perforated baffle into 
the final settling compartment. Sludge 
is returned from the settling ecompart- 
ment by gravity. 


* Disefuser is a trademark of the Chicago 
Pump Company for its dise diffusion units. 


FIGURE 1.—Flow diagrams of activated sludge process and Ratedaeration process design. 


The fabricated unit is mounted on a 
concrete pad after which the influent 
and effluent lines are hooked up and 
power connected. After backfilling, 
the plant is ready to be put in service. 

For flows above 7,500 gpd the plants 
are usually built of concrete. Figure 3 
shows a plan view of a typical layout 
for these flows. In these larger plants, 
the final settling tank ean be con- 
structed with a hopper bottom or can 
be equipped with a sludge collector, 
depending upon the size. Return of 
the sludge from the final tank is made 
by means of air lift and is discharged 
ahead of the comminutor. Duplicate 
blowers are normally provided, and a 
water spray system is included to con- 
trol froth on the aeration tank. 
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FIGURE 2.—Package unit to handle total oxidation of low flows. 


In Figure 4 is shown a small plant 
of this type treating dairy wastes. 
Figure 5 shows a large plant which is 
designed for 175,000 gpd and treats 
the wastes from a subdivision of 600 
homes. 


Design Factors 


Since these plants are being used 
primarily in small installations where 
there is a minimum amount of opera- 
tion supervision available, the design 
of the plants has been conservative so 
that accurate control of operational 
variables is not needed. 


Aeration Period 


For the normal domestic type of in- 
stallation, the aeration period provided 
is 24 hr, with a BOD load not to exceed 
30 1b/1,000 eu ft of aeration capacity. 
This BOD loading, expressed in terms 
of pounds of BOD per 100 pounds of 
mixed liquor solids, will range between 
12 and 16 lb for mixed liquor solids 
of 4,000 and 3,000 ppm, respectively. 
Actually, the volatile content of 
the mixed liquor 


since 
solids is very low, 
loadings should more correctly be ex- 
pressed in terms of volatile solids con- 
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FIGURE 4.—Ratedaeration installation treating dairy wastes. 


tent of mixed liquor, in which ease the 
loadings may be as much as double 
those stated above. 


In practice it has been found that 
even though there are rather extreme 
fluctuations in flow, the provision of 
aeration capacity equal to the total 


24-hr flow is ample. Even though all 
of the flow is introduced to the plant 
in a matter of 8 to 10 hr, it is not 
necessary to design the aeration tank 
upon the rate of flow, but rather it can 
be designed upon providing a capacity 
equal to the total flow. This is due 
primarily to the equalizing factor of 
the high return sludge rate. 


Settling Tank 


For the settling tank, design has 
been based normally upon providing 
4 hr detention time based upon the 24- 
hr flow. If, then, the rate of flow is as 
much as double the 24-hr average, a 
final settling detention time of half the 
design is still obtained, or 2 hr. 

Since the solids developed in this 
process are for the most part low in 
volatile content and, therefore, high in 
ash, the settling rate of the sludge is 
very good and little difficulty is ever 


had with bulking of the sludge even 
though the settling period may become 
relatively short at times. 


Return Sludge System 


The return of sludge from the set- 
tling tank has been made as simple 
as possible by use of an air lift in 
practically all applications except the 
small steel tank units where gravity 
return is usually employed. Control 
of the discharge is made simply by 
control of the air volume applied to the 
unit. Return of the sludge is continu- 
ous and at an extremely high rate as 
compared to normal activated sludge 
practice. In the Ratedaeration method 
the return rate is usually a minimum 
of 100 per cent and is frequently as 
much as 300 per cent of the design 
flow. This high return sludge rate is 
an extremely important part of the 
process and contributes a great deal to 
successful operation. By returning 
the sludge at a high rate, the entire 
system is kept completely aerobic at 
all times. This condition is responsible 
for optimum oxidation rates and tends 
to smooth out any peaks in influent 
loadings. Thus, the oxygen demand of 
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the mixed liquor is maintained at a 
relatively constant level, even though 
the flow and/or BOD load fluctuates 
materially. Since the oxygen demand 
level does remain relatively constant, 
the air applied to the system can be 
constant and, therefore, it is not neces- 
sary to exercise any appreciable con- 
trol over the quantity of air applied. 


Air Requirements 
1 


Air requirements are based upon the 
maximum BOD load or on the neces- 
sary circulation velocity, whichever is 
the higher, plus the amount needed 
for operation of the return sludge air 
lift. The volume of air required to 
treat any waste depends upon the or- 
ganic load applied and the rate of 
oxygen transfer. Various types of air 
diffusion units are used to make the 
oxygen available to the system. One 
diffuser used is the previously men- 
tioned dise-type, which is non-clogging 
and contains an automatic shutoff fea- 
ture so that intermittent air discharge 
ean be employed. Another type used 
is a diffuser tube in which air applica- 
tion is approximately 1,000 eu ft per 
day per pound of BOD. With disc 
diffusers the air supply is approxi- 
mately 1,500 eu ft per day per pound 
of BOD. Air requirements for circu- 
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FIGURE 5.—Treatment plant accommodating a subdivision of 600 homes. 


lating velocities are a minimum of 3 
cfm per lineal foot of aeration tank. 


Operation 

In operation, the plants employing 
Ratedaeration design developed a 
mixed liquor solids concentration 
which is dependent upon the BOD 
load introduced to the plant. It 
seems to make relatively little differ- 
ence as to the type of sewage treated 
since data from numerous dissimilar 
types of facilities have indicated a 
similar range in concentration of mixed 
liquor solids. In most cases, this eon- 
centration is between 3,000 and 5,000 
ppm and has ranged as high as 12,000 
ppm. The actual concentration of 
mixed liquor solids, of course, is not 
indicative of the type of treatment be- 
ing obtained at different installations. 
since the volatile content of the sludge 
is the most important factor. In most 
plants employing the process, however, 
the volatile content of the sludge is 
relatively low, particularly after the 
plants have been in operation for a 
few months. 

In a standard activated sludge treat- 
ment plant, the volatile solids of the 
mixed liquor can be as high as 85 per 
cent and seldom are below 65 per cent. 
The volatile solids in this new aeration 
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FIGURE 6.—Treatment unit handling sanitary wastes of a refinery. Unit includes a 


sludge-holding tank. 


process are frequently as low as 50 per 
cent and sometimes even lower. This is 
due to the fact that the oxidized ma- 
terial in the sludge is of much greater 
concentration than in the standard ac- 
tivated sludge plant and, therefore, re- 
sults in a heavier sludge. 

The concentration of solids in the 
mixed liquor may, after a long period 
of time, reach a high level and, in that 
case, a portion of the sludge can be 
wasted to reduce the concentration to 
more normal conditions. This wasting 
of sludge can be taken care of by the 
addition of a sludge-holding tank to 
the system, and periodically a portion 
of the return sludge is wasted to this 
holding tank. Figure 6 shows an in- 
stallation utilizing this design. This 
treatment plant serves a refinery. 

When sludge is wasted to the hold- 
ing tank, it is done on an intermittent 
basis, simply to reduce the solids con- 
centration in the aeration tank. Ulti- 
mately, the wasted sludge must be 
drawn from the sludge-holding tank 
when the tank becomes full. When 
sludge is wasted, it must first be con- 
centrated in the settling tank by re- 
dueing the rate of return sludge, and 


then the concentrated sludge is wasted 
to the holding tank. Wasting sludge 
for a short period weekly is usually 
all that is required to maintain the 
solids concentration at a normal level. 
In general practice, however, it has 
been found that the solids concentra- 
tion in the aeration tank is maintained 
at relatively fixed levels over extended 
periods of time without the necessity 
of wasting any sludge. 

Another method which can be used 
to control the sludge concentration is 
to waste a portion of the mixed liquor 
solids to an auxiliary aeration unit in 
which the volume wasted is aerated for 
periods up to 48 hr, with ultimate 
removal of the concentrated solids be- 
ing made to a small sludge bed or being 
pumped into a tank truck and disposed 
of by trucking away. 


Results 


Originally, these plants were ex- 
pected to produce an intermediate de- 
gree of treatment similar to that pro- 
duced by a trickling filter plant. How- 
ever, in general, the results have proved 
to be considerably better and, in most 
eases, the BOD reduction ranges be- 
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FIGURE 7.—BOD performance data from total oxidation treatment units at two 
B. F. Goodrich Company plants. 


tween 80 and 90 per cent. While the 
degree of control which can be main- 
tained at a plant of this type is 
minimum, it is true that those plants 
which are given the most care will pro- 
duce the best results. In actual prae- 
tice, the degree of operation control is 
almost negligible and maintenance of 
equipment is primarily the only factor 
involved. With plants of this capacity, 
it is obviously less expensive to provide 
a little more horsepower on the blower 
than it is to have an operator run 
control tests on dissolved oxygen and 
mixed liquor suspended solids. 

BOD data for two of B. F. Good- 
rich Company's plants are shown in 
Figure 7. These data are averages of 
BOD tests taken normally six to seven 
times a month. The curves show the 
variation in the inlet and effluent 
BOD. It can be seen that the strength 
of the sewage at one plant is somewhat 
lower than that at the other plant; 
however, the effluent BOD is low in 
both cases. The smaller plant was de- 


signed for approximately 5,000 gpd, 
whereas the larger plant was designed 


for 54,000 gpd. The smaller plant is 
operating under full load at the pres- 
ent time, whereas the larger plant is 
operating over design loading. These 
data are typical of the results obtained 
at many other similar type plants. 

Figure 8 shows one of the daily flow 
charts for the larger plant. The chart 
shows very graphically the peak flows 
encountered at changes of shift when 
men are cleaning up. The flow indi- 
cated for that day was 72,500 gal and 
the peak rates range up to 300,000 
gpd. 

This process is, of course, subject to 
some difficulties and these have been 
primarily in connection with the appli- 
eation of too much air and excessive 
length aeration period. In some eases, 
particularly in schools, where the flow 
has been below design and the aera- 
tion period as long as 48 hr, nitrifica- 
tion has developed with the result 
that the sludge in the final settling 


: 
Vol. 30, No. 5 ee 659 ane 
200) _- / \ 
‘\ \ / 
Qa \ 
100 
fa} 
A 
= 
a 
a 20 
Poe 
0 
i 2 3 4 5 6 7 86 2 
aye 


660 


SEWAGE AND INDUSTRIAL WASTES 


May 1958 


FIGURE 8.—Daily flow record from the larger of two treatment units at 
B. F. Goodrich Company. 


tank has floated to the surface. This 
problem has been controlled by reduc- 
ing the volume of air applied to the 
system. In a number of cases where 
these plants are utilized in schools, the 
aeration is completely shut down over 
the weekend. This procedure is ex- 
actly opposite to activated sludge op- 
erational practice where power failure 
would be the only cause of air supply 
interruption. However, these facts 
point up the differences in operating 
requirements between the two proc- 
esses. It is shown that under certain 
conditions this process exhibits consid- 
erable flexibility. 

In other applications, the air vol- 
ume is adjusted to the load by means 
of variable sheaves on the belt-driven 


blowers or by the utilization of time 
clock control on the blowers. If this 
latter method is used, the air diffusion 
media must be of a non-clogging type 
with a shutoff feature so that the 
sludge will not re-enter the diffusion 
media. Either this type of unit must 
be used or the diffusion units can be 
swung out of the tank when the blower 
is shut off. In most of these total oxi- 
dation plants the non-clogging disc- 
type of aeration unit, with a built-in 
valve action to prevent backflow, has 
been used. 


Cost 


The development of these plants was 
based primarily upon the fact that a 
low cost type of treatment system was 
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desired which would have the ad- 
vantages of giving complete treatment 
and yet require a minimum of mainte- 
nance. With the use of this type of 
aeration plant, savings in construc- 
tion are realized due to the lack of 
need for a primary tank, a sludge di- 
gester, and sludge drying beds. In 
general, a plant of this type can be 
built for between one-half and two- 
thirds of the cost of a conventional 
treatment plant of the same capacity 
and providing the same degree of treat- 


ment. This allows construction of 
plants giving adequate treatment for 
small installations which otherwise 


would find conventional treatment 
costs to be an excessive burden. 


Summary 


Total oxidation of organic wastes 
can be accomplished in simply designed 
waste treatment plants requiring a 
minimum of maintenance and control. 
Design of the plants determines the 
degree of treatment obtained or the 
‘‘rating’’ of the system; therefore, the 
equipment manufactured and used for 
treatment has been called the Rated- 
aeration process. 
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This process is particularly suited to 
treat the wastes from schools, motels, 
factories, dairies, small subdivisions, 
and a variety of industries. Flows 
up to 7,500 gpd can be treated in 
single steel-fabricated units completely 
equipped when received at the job site. 
Larger flows are treated in concrete 
tanks. 

The long period of aeration pro- 
vided results in a stable sludge with 
a low oxygen demand and excellent 
settling characteristics. Due to the 
stability of the system, wide variations 
in influent load can be handled with 
little effect on treatment. 

The process accomplishes BOD re- 
ductions of 75 to 90 per cent. An 
effluent BOD of less than 20 ppm is 
consistently obtained when treating 
normal domestic sewage. 

This system is inexpensive to build 
due to the elimination of costly sub- 
structure and extensive piping. Me- 
chanical equipment requiring mainte- 
nance is confined to blowers and in 
some instances pumps, where there is a 
lift station. Operational control is pri- 


marily mechanical maintenance and 
housekeeping so that such costs are 
low. 


in October 1957 authorized the preparation and publication of a 10-yr 
index for SEWAGE AND INDUSTRIAL WASTES for the period 1949 


through 1958. 
early in 1959. 
1928-1948. 


This index is now being compiled and will be offered 
The last comprehensive index was for the period of 


Soon after the last issue of 1958 the Journal will carry an advance 


announcement of availability and price of the Index. 
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OBSERVATION AND MEASUREMENT ON REFINERY 
WASTES * 


By F. J. Lupzacx, F. M. Mipp.erton, 


Robert A. Taft 


Sanitary Engineering Center, Public Health Service, U. 


AND M. B. ETTINGER 


S. Department 


of Health, Education, and Welfare, Cincinnati, Ohio 


The petroleum industry is among the 
foremost with respect to economic value 
and tonnage of finished products. It 
is also near the top of the list in 
water use (1). Heat transfer and 
power production require most of this 
water; a smaller amount, used as a 
solvent in direct contact operations or 
for seals in barometric condensers, may 
be highly contaminated. Contaminants 
of waste water include hydrocarbons, 
their oxygen, nitrogen, or sulfur de- 
rivatives, and inorganic materials 
found with the crude oil or added in 
process. 

Waste materials may appear in sur- 
face water as an oily emulsion, a 
surface film, a shoreline deposit, or 
sludge. Toxic constituents may elimi- 
nate desirable forms of aquatic organ- 
isms and interfere with natural self- 
purification. Recreational use suffers 
concurrently The receiving water 
may be made unsuitable for municipal 
use or it may require expensive and 
elaborate treatment to make it accept- 
able. Tastes and odors associated with 
oil pollution are likely to persist longer 
than other pollutional effects. 

Analysis to measure the pollutional 
load presented by oily wastes is diffi- 
cult because of the nature and variety 
of the waste products. There is no 
simple analytical definition of oil pol- 

* Presented at the 8th Oklahoma Industrial 
Wastes Conf.; Oklahoma State Univ., Still 
water, Okla.; Sept. 25-26, 1957. 


lution. Generally, oily wastes are char- 
acterized by their source, specific ef- 
fects, or by a particular analytical 
method. Confusion arises when differ- 
ent individuals approach the problem 
from dissimilar viewpoints. 

The lack of precise measures for 
waste composition and quality has been 
and still is the greatest barrier to 
comprehensive data on oily wastes. As 
a consequence, relatively little definitive 
information is available on the be- 
havior of oily waste constituents in 
water in spite of a long history and 
common occurrence. 

The following discussion seeks pri- 
marily to outline work done on oily 
wastes and related problems at the 
Robert A. Taft Sanitary Engineering 
Center, with other material presented 
as required to place the work in per- 
spective. Methods of analysis are dis- 
cussed along with the results of appli- 
cation of these methods to promote the 
understanding of refinery waste be- 
havior in water. 


Sampling and Analytical Precautions 

Oily waste sampling deserves special 
consideration because of the variety of 
biological, chemical, and _ physical 
changes and their effects on analysis. 
A particular determination may re- 
quire a special sample so that the en- 
tire contents of the bottle can be 
processed in analysis. No satisfactory 
method has been devised to obtain a 
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representative sample of a_ surface 
film. Suspended and settleable ma- 
terials in a waste stream are difficult 
to sample, but with suitable technique 
reasonably good results are possible. 

Prompt analysis may be required to 
limit the changes which occur on stand- 
ing. Highly volatile fractions require 
one technique; biological, chemical, or 
other physical changes necessitate other 
procedures. A.P.I. Method 701-53 
(2) diseusses the accepted methods for 
sampling and preservation of oily 
wastes for a variety of determinations; 
it may be necessary for the analyst to 
adopt different techniques to get re- 
liable results for special determina- 
tions. 

Routine analytical methods normally 
provide information suitable for many 
purposes, but sometimes sacrifice spec- 
ificity to save time and manipulation. 
Research methods may be necessary to 
supplement the usual data to resolve 
anomalous results or to follow a specific 
waste component in a stream contain- 
ing numerous interferences. 


Oxygen Demand Considerations 

It is difficult to present a considera- 
tion of waste analysis without discus- 
sing factors involved in the use and 
interpretation of the BOD and COD 
tests. However, this question has been 
treated several times previously (3) (4) 
(5), so that further extended presenta- 
tion is not warranted. It is perhaps 
pertinent to recommend use of storage- 
stabilized receiving water as a_ sub- 
strate in BOD tests, as provided in 
‘‘Standard Methods’’ (6). 


Oil Analysis 

Most analytical methods for oil col- 
lectively estimate animal, vegetable, 
and mineral oil or grease. Coloring 
material, other nonoily extractables, 
and colloidal solids may be included. 
McKee (1) discusses many of the meth- 
ods and constituents measured by them. 
Different methods may give signifi- 
cantly different results on the same 
sample. 
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Simplified analytical methods may 
serve to estimate the oil content of a 
plant effluent, but become inadequate 
on dilution of the effluent in receiving 
water. The plant effluent usually in- 
cludes a definite group of materials de- 
rived from contributing processes. The 
same constituents appear in the receiv- 
ing water in lower concentrations 
mixed with an ill-defined collection of 
extractables from industrial or do- 
mestic wastes discharged at upstream 
locations. Biochemical degradation of 
various substances produces both sol- 
uble and suspended products that may 
interfere in manipulation or interpre- 
tation. 

In this laboratory more specific oil 
determinations were required for in- 
vestigating the persistence of mineral 
oil in polluted water. It was found 
that a combination of soaps, mineral 
oil, and degradation products in the 
partially oxidized substrates studied 
sometimes exceeded the original con- 
centration of added oil. The problem 
was resolved by use of liquid-liquid 
extraction, infrared determination, and 
chromatographic separation of oils and 
oxy materials (7). Mineral oils from 
the mixed extract were not retained on 
an alumina column. Oxy materials 
were retained to a degree depending 
on their polarity. Infrared determina- 
tion before and after chromatographing 
the extract classified the sample by 
functional groups, verified chromato- 
graphic separation, and provided an 
estimate of the percentage of hydro- 
carbons in the original extract. 


Phenol Analysis in Refinery Streams 


Phenols occur in refinery streams 
and are of interest principally because 
of their relation to taste and odor 
problems, which are discussed later. 
Analytical methods for phenol are 
highly sensitive. Specificity leaves 
something to be desired, but the avail- 
able methods have been adequate to 
provide more information on stream 
behavior of phenols than for most other 
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organic materials. It has been shown 
by Elkin and others that phenols in 
refinery wastes can be destroyed bio- 
logically by activated sludge (8) and 
cooling tower (9) operation. 

Methods recommended for the phe- 
nol determination by ‘‘Standard Meth- 
(6) inelude the Gibbs and 4— 
aminoantipyrine (4-A.A.P.)  proce- 
dures: the A.P.I. (2) recommends the 
4-A.A.P. and nitrosophenol methods. 
Mohler and Jacobs (10) report com- 
parative data on refinery waste sam- 
ples with five different phenol pro- 
cedures, including those listed. They 
favor the 4-A.A.P. method as the most 
practical available phenol determina- 
tion, on the basis of precision, sensi- 
tivity, time requirements, applicability, 
and reagent stability. Its most obvious 
disadvantage is the inability to measure 
para-substituted phenols. 

Comparative results showed appreci- 
able variation in the data when differ- 
ent methods were applied to the same 
sample; a consistent ratio between 
methods on various samples was not 
shown. In general, the nitrosophenol 
results were slightly lower than those 
of the Gibbs procedure; the 4-A.A.P. 
results were higher. Ratios between 
phenol concentrations with different 
methods appeared to be associated with 
individual sample composition and the 
effective reactivity of the particular 
phenols with the color-producing re- 
agents (10). 

Suitable isolation of phenolic ma- 
terials from interference frequently 
represents the difference between good 
and indifferent results. Sample char- 
acteristics and behavior during analy- 
sis represents the only available guide 
on this question. Several procedures 
for phenol purification, including dis- 
tillation and extraction, are described 
in ‘‘Standard Methods’’ (6). 


ods’’ 


Carbon Filter Technique 


The possible relationship of refinery 


wastes to impaired taste and odor 
qualities of raw water has been a re- 
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eurrent problem that is not subject 
to resolution by consideration of phe- 
nols alone. It is desirable to isolate, 
identify, and measure waste compo- 
nents that may cause the undesirable 
taste and odor. It is usually necessary 
to concentrate the organic materials in 
a waste prior to classification and 
analysis. One method for concentra- 
tion is to pass a suitable quantity of 
sample through an activated carbon 
filter. The adsorbed organies are then 
eluted from the carbon with chloroform 
or other organic solvent. The residue 
after distillation of the solvent can 
then be examined in a variety of ways. 

A useful separation of the mixed 
residue can be made by taking ad- 
vantage of solubility differences. Prin- 
cipal groups separated include ether 
insolubles, water solubles, weak acids, 
strong acids, neutrals, and basic ma- 
terials. Taste and odor tests on these 
groups will indicate which of the ma- 
terials have the most intense malodors 
or tastes. The neutral components, 
usually the largest of the groups, lend 
themselves to further separation into 
aliphatic, aromatic, and oxygenated ma- 
terials by chromatographic means. The 
chromatographic step is critical in 
achieving separations suitable for 
evaluation. Infrared tests on the sepa- 
rated and purified fractions may be 
revealing. Comparison of the infrared 
spectra of waste components recovered 
from refinery waste and of organics 
recovered from drinking water sus- 
pected of containing the contaminants 
may offer reliable evidence of the pres- 
ence of oil pollutants. Thorough knowl- 
edge of other types of pollutants in 
the area is necessary before interpreta- 
tions are made. A study using such 
procedures has been described in de- 
tail (11). 

Concentration of organic components 
can also be accomplished by the use 
of liquid extraction methods. In gen- 
eral, the extraction methods would be 
preferred if the concentrations would 
permit sufficient recovery of organic 
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material from a sample of reasonable 
volume (20 to 501). The carbon ad- 
sorption procedure is usually required 
on tap waters and most surface waters. 

Carbon adsorption and elution tech- 
niques are not quantitative. However, 
controlled conditions of sampling and 
analysis permit comparisons of differ- 
ent samples. There is sound evidence 
that the major portion of contaminants 
is recovered from samples containing 
oily wastes. Components with equal 
or greater volatility than gasoline may 
be lost during manipulation. A sensi- 
tive procedure for identification and 
determination of volatile hydrocarbons 
in water has been published (12). The 
method is limited to hydrocarbons boil- 
ing up to 400°F and requires the use 
of a mass spectrometer. 


Pollutional Characteristics and 
Behavior 


Studies of refinery wastes as possible 
factors in taste and odor problems with 
municipal water supplies has led to a 
series of investigations in the recent 
past and is a recurrent problem pre- 
sented to the Sanitary Engineering 
Center. Background studies based on 
carbon filter sampling or liquid-liquid 
extraction of effluents from a number 
of refineries have developed informa- 
tion on the quantity, chemical, and 
organoleptic characteristics of organic 
materials in a group of refinery efflu- 
ents (13). 

The neutral components from five 
different refineries constituted 65 to 
87 per cent of the total chloroform- 
extractable materials. This group 
could be detected by odor tests in the 
range of 19 to 64 ppb concentration. 
The other groups also had thresholds 
in a similar range, but their relative 
quantities made them less significant 
as potential trouble makers. Phenolics 
must also be considered in the light 
of their potential increase in taste in- 
Because the 
neutral materials, which include highly 


tensity by chlorination. 
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odorous sulfur compounds, are in gen- 
eral more resistant to biological puri- 
fication than are the other groups, they 
would be expected to travel farther and 
persist to reach water supply sources. 
Based on an average recovery of 50 
ppm of oily materials from effluents 
and on a reasonable average threshold 
odor of the total extract of 50 ppb, 
it is indicated that a factor of 1,000 is 
required for dilution in order to bring 
these materials to threshold levels. 
These results reflect only relatively non- 
volatile components. In practice the 
volatiles may contribute to contamina- 
tion of nearby water sources and the 
dilution required to reach threshold 
levels may be several times the 1,000 
factor found in these tests. When it 
is considered that a large refinery may 
discharge 100 mgd of water, the magni- 
tude of the potential taste and odor 
contributions of these wastes is obvious. 
Rosen and Middleton (13) attempted 
to follow the travel of refinery waste in 
water in the presence of many other 
industrial wastes from a large metro- 
politan district. The neutral fraction 
of carbon filter adsorbates was sepa- 
rated chromatographically into ali- 
phatic, aromatic, and oxy fractions. 
Infrared curves of the aromatic and 
aliphatic fractions of the neutrals 
showed striking similarities in the efflu- 
ents of five different refineries. The 
carbon filter technique was applied to 
receiving waters at varying distances 
from refinery discharges and provided 
an indication of the waste travel. 
Water samples obtained near refinery 
discharges gave clear analytical evi- 
dence of the presence of refinery waste. 
As distance increased, oxy products 
were more evident and the infrared 
eurves obtained on various fractions 
were modified by disappearance of some 
bands and addition of others. Although 
comparisons were more difficult for the 
distant stations, recorded data sug- 
gested the likely origin of the waste 
and the modifications since discharge. 
Data such as these have infinitely 
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greater possibilities than those from 
subjective tests, such as taste or odor. 


Phenolic Fractions 


In giving consideration to the phe- 
nolic materials it should be remembered 
that their taste intensity may be in- 
ereased as much as 500- to 1,000-fold 
when chlorinated at the water plant. 
Even in the presence of substantial 
quantities of other refinery pollutants, 
phenols may be the only constituents 
which cause difficulty. In one instance, 
when 50 ppb of phenol was demon- 
strated in the raw water and when 
other materials of refinery origin were 
present in amounts of 200 to 300 ppb, 
the taste in the drinking water was 
unmistakably associated with the chlo- 
rinated products of phenol. This oc- 
currence appeared at a time of cold 
water conditions and rapid flow from 
the refinery waste discharge to the 
water plant intake. Under summer 
conditions and low water flows similar 
amounts of phenols were present but 
the water also contained’ extra- 
ordinarily large blooms of algae and 
other aquatic organisms. Chloroform- 
extractable organics totaled approxi- 
mately 700 ppb. The taste and odor 
in the drinking water was offensive, 
but it was not characteristic of the 
chlorinated phenolics experienced dur- 
ing the winter months. It appears that 
the mixture of organics contained ma- 
terials capable of masking the odor of 
phenolic substances. 

Phenols may enter surface waters 
from many sources. However, high 
concentrations are generally the result 
of industrial effluents. Phenols fre- 
quently have been noted in association 
with many undesirable effects not 
necessarily caused by their presence. 
Although phenols have earned much 
of their reputation for water quality 
degradation, other materials less ex- 
tensively studied can produce similar 
effects. 

Ettinger and Ruchhoft re- 
ported that removal of phenol from 
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aerobic surface water largely was due 
to biological action. Several surface 
water sources were tested; all resulted 
in similar metabolic destruction of phe- 
nols, but at significant differences in 
rate, depending on source, conditions, 
and type of phenol. The first of sev- 
eral doses exhibited a longer disappear- 
ance time than subsequent doses. This 
indicates a high degree of acclimatiza- 
tion of the biota to phenol degradation. 
Decomposition appeared to be associ- 
ated with the variables common to 
other biological processes, such as in- 
itial biota (types and numbers), con- 


centration, nutritional balance, tem- 
perature, ete. 
Anaerobic persistence of phenols 


(15) was somewhat greater than for 
aerobie systems. Destruction was evi- 
dent in all substrates tested, and indi- 
cated similar acclimatization. Flowing 
water under ice cover offers oppor- 
tunity for the greatest travel for phe- 
nols because of low temperature and 
oxygen tension. 

It is not possible to predict the dis- 
appearance time of phenols for a given 
stream because of the many variables 
influencing decomposition. The past 
history of the receiving water and the 
possibilities for developing and main- 
taining an acclimated phenol-consum- 
ing population are among the more im- 
portant considerations. 


Definitive Studies of Oil 
Pollution Travel 


The studies of the behavior of oil 
as a pollutant in very complicated situ- 
ations logically suggested studies of 
oil in situations where a minimum 
amount of environmental complications 
existed. Accordingly, the behavior of 
oil was studied first in the laboratory 
(16) and then in a small stream (17) 
selected because significant oily waste 
discharge occurred at only one loca- 
tion. The dry weather flow of the 


stream was composed of a mixture of 
refinery effluent and municipal acti- 
vated sludge effluent. 
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Oily wastes entered the stream pri- 
marily as emulsified material. Oil glob- 
ules were soon trapped in flocculent 
biological solids, which agglomerated 
and settled (17). Milky appearance 
in the water disappeared after this se- 
quence. Silt was trapped along with 
the oil and appeared to hasten sedi- 
mentation by increasing the density of 
the combined mass. Sediment quickly 
became anaerobic in warm weather. 
Gasification of sludge tended to lift oil 
and sludge solids into the flowing water 
and to produce a minute oil fleck at 
the surface when a gas bubble broke 
through. The lifting action assisted 
in moving sedimentary deposits down- 
stream during warm weather low flows. 
A substantial stream rise would flush 
out the channel deposit. 

Low stream water temperatures re- 
duced sedimentation of oil to a marked 
The emulsified appearance 
cleared slowly, with little evidence of 
sludge production. There appeared to 
be relatively little change in the waste 
load with downstream distance during 
cold weather. During the summer 
gross sludge deposits first oceurred af- 
ter about 4-hr passage time below the 
discharge (approximately 1 mile). 
Emulsified oil disappeared and organic 
loading decreased rapidly during sedi- 
mentation. Mineral oil content of the 
flowing water below the sludge deposits 
showed a reduction of about 75 per 
cent as compared with that above the 
deposition zone. 

Biological growth in the deposition 
zone consisted almost entirely of 
plankton, fungi, and bacteria. With 
increasing downstream distance from 
the sludge deposits, a greater variety 
of organisms appeared. Clean water 
organisms were established about 30 
miles below the refinery outfall. 
Marginal deposits of oily clay were 
evident at this point and had a marked 
effect on water quality when disturbed. 

Samples of oily sludge from the 
stream were subjected to anaerobic de- 
composition in the laboratory for a 
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period of 125 days at 5°, 20°, and 
35° C. No measurable loss of mineral 
oil was detected, although other organic 
materials gradually disappeared. 

Laboratory results (16) on aerobic 
oxidation showed 50 to 80 per cent 
conversion of suspended mineral oil to 
carbon dioxide per week at 25° C. Oil 
metabolism and emulsion break were 
not detectable in 60 days at 4° C. The 
behavior of laboratory oxidations was 
similar to that in the stream except 
that the emulsion break and sedimenta- 
tion occurred much more rapidly in the 
stream. It is possible that oxidation 
also occurred more rapidly in the 
stream, but this was not verified. The 
small percentage of suspended oil dur- 
ing warm weather and the inhibitory 
effect of low temperatures on oxidation 
are deemed likely to reduce oil oxida- 
tion in the stream to relatively small 
values except over an extended time. 

In the stream studied, oily waste be- 
havior appeared to be primarily a fune- 
tion of sludge action. The sediment 
formed a reservoir of polluting material 
that was returned to the flowing water 
at a rate depending on gasification and 
flow turbulence. Hydrocarbon decom- 
position was limited primarily to the 
attrition of oil available under aerobic 
conditions. Apparently there is a 
major accumulation of oil as sludge in 
the stream bed during low flow periods. 
This accumulated sludge is flushed out 
by major stream rises, putting oily de- 
posits above the normal water line in 
otherwise clean water zones with other 
possible damage to stream use. 


Summary 


Some progress has been made in 
measuring oil refinery pollutants, in 
studying the fate of the materials in 
water, and in understanding the role 
of these wastes as industrial pollutants. 
Some of the procedures used are tedi- 
ous and expensive. More specificity 


is desirable in most of the tests. 
A concerted effort is necessary .on 
the part of industry and others to ex- 
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tend present procedures and to de- 
velop new procedures for improved 
measurement of refinery contaminants. 
Wide dissemination of the findings 
would go far to bring to a focus the 
scattered knowledge in this field. Se- 
rious application of the research find- 
ings would hasten effective pollution 
control. 
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PLAN EARLY 


Now is the time to mark the calendar and begin plans to attend the 
3lst Annual Meeting of the Federation of Sewage and Industrial Wastes 
Associations in conjunction with the Michigan Sewage and Industrial 


Wastes Association. Reserve October 


6-9, 1958, for the Sheraton- 


Cadillac Hotel, Detroit, Michigan, and expect to see all your old friends 


and meet many new ones. 
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UNDERGROUND WASTE DISPOSAL * 


By B. Biack 


Underground Surveys, Incorporated, Rockford, IU. 


This paper deals with pumping in- 
dustrial wastes through deep wells 
drilled for this specifie purpose into 
carefully tested rock horizons far un- 
derground. 

Pumping fluids into the rock strata 
deep underground is not a new idea. 
More than 40 years ago it was demon- 
strated in the Pennsylvania oil fields 
that large quantities of water could 
be pumped into the tight sandstones, 
which contained crude oil, and thus 
flood out additional barrels of oil 
through other wells drilled nearby. 
Since that original discovery, many 
men have worked to understand the 
forces involved and to invent tech- 
niques to control and predict this un- 
derground flood. 

Most of the information about 
pumping into underground rock strata 
has been developed in the geological 
field. From various geological studies 
considerable data have been aceumu- 
lated about the movements of fluids 
underground. This knowledge has be- 
come of considerable interest to those 
concerned with the disposal of liquid 
wastes. 

Pumping of industrial wastes under- 
ground also is not new. In Michigan 
two of the underground strata of 
porous sandstone, namely the Travers 
and the Sylvania, have been found 
satisfactory for industrial waste dis- 
posal. State authorities permit oil re- 
fineries, chemical plants, and pharma- 
ceutical plants, to name a few, to use 
these formations for a variey of indus- 
trial wastes, both organie and inor- 
ganic. Oil field brines also are 


* Presented at the 1957 Annual Meeting, 
Florida Sewage and Industrial Wastes Assn.; 


Jacksonville, Fla.; Nov. 11-13, 1957. 


pumped into these formations in 
Michigan to avoid pollution of surface 
streams or of the fresh water under- 
ground. Texas, Arkansas, Kentucky, 
and California also have similar deep 
well waste disposal procedures in op- 
eration. In each case these disposal 
areas lie well below the lowest levels of 
fresh water and are completely isolated 
above and below by layers of im- 
pervious rock. 


Rock Strata Testing 


The new part of underground waste 
disposal is the discovery, in recent 
months, of a way to test these under- 
ground rock formations in advance of 
any injection of wastes. This test 
makes certain that the waste waters 
will be controlled, that they will not 
interfere with valuable underground 
fresh water, and that they will not 
ereate a hazard surrounding 
property, either now or in the years 
to come. 

This testing technique opens a field 
for solving difficult pollution problems. 
Until now, the deep waste disposal 
wells have been confined to the oil- 
producing areas and to underground 
rock strata containing salt water. 
Most industrial plants are outside of 
these areas. The testing procedure, 
however, can be applied at almost any 
location on the continent where porous 
rocks exist underground. 

Figure 1 shows a typical cross see- 
tion of the earth’s crust. A great part 
of this country is underlaid by alter- 
nate layers of sandstones, shales, lime- 
stones, and clays in varying thicknesses 
and compositions. Some of these 
formations extend for miles and are 
hundreds of feet thick in _ places. 
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WELLS~ 


FORMATION 


TYPICAL GROSS SECTION OF EARTH'S CRUST 


FIGURE 1.—Typical cross section of earth’s crust. 


Others extend only a short distance. 
Some pinch out here and there and 
reappear miles away. Most of the 
continent has been covered by oceans 
many times in the billions of years of 
history. The sandstones and lime- 
stone rocks forming the present source 
of oil probably once were beaches and 
sand bars in these oceans. 

There is some visible evidence of 
these strata as shown by the ocean 
beaches. Some beaches show large and 
loose sand grains and others fine 
grains; some contain small pebbles, 
while others display white sand, and 
yet others are filled with shells. This 
same variety is present underground. 


Steps in Testing 


In order to take advantage of the 
desirable underground formations it is 
now possible, with modern engineering, 
to utilize the following steps in the 
exploration of potential waste disposal 
strata: 

1. Make a fact-finding study of the 
wastes from an industrial plant, as 
is done for a conventional waste treat- 
ment installation. 

2. Make a eareful study of the un- 
derground rock formations nearby. 

3. Make a laboratory compatability 
test of the reaction between the waste 
materials and rocks similar to those to 
be found deep underground. This will 


whether these waste materials 
can be safely stored in the rocks. 

4. Drill one or more test wells near 
the plant location to obtain samples of 
actual rocks. In the laboratory these 
samples also can be tested to find which 
of the rock strata are possible reser- 
voirs, and how effective will be the 
barriers which confine the wastes in 
the proper place. 

5. Test the rock formations pene- 
trated by the test well, using harmless 
fluids similar in viscosity to the waste 
materials, for tightness, capacity, in- 
jection rate, and flow characteristics. 
From these data ean be ealeulated 
daily capacity, pump pressures re- 
quired, extent of waste travel under- 
ground in a given time, and factors 
of safety. 


show 


Benefits and Precautionary Measures 


These procedures provide the basis 
for the economics of the system, the 
construction cost, the daily mainte- 
nance, and the depreciation cost. 
From these figures a decision can be 
made as to whether this or another 
type treatment plant should be con- 
structed. 

In all of this work extreme care 
is given to the supply of fresh water 
underground. The test well is care- 
fully cased and sealed so that nothing 
ean get into the fresh-water supply 
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and none of the fresh water can leak 
out. Where corrosive waste materials 
must be pumped underground, double 
liners of impervious material are used, 
and the liners are inspected regularly. 
The disposal rock formation itself also 
is sealed underground to prevent 
passage of waste material to any other 
formation. Continuous flow and pres- 
sure recording instruments give evi- 
dence of the success of the disposal 
operation, and automatie control of 
waste disposal is possible in some 
cases. 


Disposal Potential 


It is encouraging to note that wastes 
of many types can be put underground. 
Modern oil production fracturing tech- 
niques make it possible to split open 
the rock layers, at a given point, and 
hold them open under pressure while 
fluids containing considerable volumes 
of matter in suspension are pumped 
into this newly created shelf space. 
Since these storage rocks are overlaid 
by many feet of shale, clay, or other 
plastic material, this underground 
fracturing makes no disturbance or 
upheaval on the surface. Underground 
fracturing will increase the 
pacity of the average disposal well, 
and make possible the storage of thou- 
sands of gallons per hour, day after 
day, and year after year, and still 
keep all of these wastes confined to a 
few acres. Forty million gallons per 
acre is a reasonable estimate of total 
storage capacity. 

Heretofore the discussion has been 
about industrial plant wastes, both or- 
ganic and inorganic, from many differ- 
ent sources. However, this procedure 
has broader potentialities. There is 
some evidence that atomic energy 
wastes can be handled in this manner, 
and in this connection a word of cau- 
tion is advisable. Before waste ma- 
terial of any type is put underground, 
a careful and thorough test of the op- 
eration should be made, both in the 
actual waste ma- 


also 
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terials are forced through the reservoir 
rock samples under full pressure, and 
in the field wells where harmless fluids 
are forced into the reservoir rocks 
themselves under high pressure. Only 
after these tests are proved satisfac- 
tory should any public announcement 
be made that a waste disposal project 
is under way. The public generally is 
sensitive to information about under- 
ground disposal of radioactive wastes 
in particular and, to a certain extent, 
about any wastes. It is frequently 
believed that one manifestation of such 
underground pumping might be spon- 
taneous spouting of harmful materials 
from the earth’s surface. The truth 
is that there is no danger of escape 
of this waste material if proper pre- 
cautions are exercised. Therefore, one 
major aspect of underground disposal 
consideration is public education. 


Costs 


Construction costs of deep well waste 
disposal systems vary widely, depend- 
ing on depth of wells, type and volume 
of waste fluids, character of under- 
ground rocks, and amount of pretreat- 
ment required. One industrial instal- 
lation at Victoria, Texas, drilled two 
wells about 4,800 ft deep for disposal 
of some 9,000 gph of waste brine, and 
reported construction costs in excess of 

250,000. 

Operating costs generally are rather 
low. Using an estimated electrical cost 
per kwh of 1 cent and a volume of 
500,000 gal per 24 hr, approximate 
costs are estimated for a typical in- 
stallation as follows: 


Operation Cost ($ per day) 


Pumping expense 80 
Maintenance of equipment 5 
Replacing corrosion damage 10 

Total 95 


With the addition of costs of pre- 
treatment, if any, and engineering 
supervision, there is still room to keep 
operating costs below one-tenth of a 
eent per gallon. On smaller volumes 
the costs probably would be higher 
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than this example. Since one well can 
service many acres, life expectancy per 
well would normally be several years. 
As a result amortization costs are 
reasonable. 


Other Possible Uses 


One of the interesting possibilities 
for underground disposal is for efflu- 
ent from municipal sewage disposal 
plants. As an example of one ramifica- 
tion, in Midland, Texas, one of the oil 
companies has arranged to purchase 
these waters from the city and will 
pump them deep underground to flush 
out more oil. 

Another interesting phase of under- 
ground fluid injection 
fresh water. From 
recovered easily and 
ever it is needed. 


is storage of 
there it can be 
quickly when- 


Underground fresh- 
water storages are expected to become 
Data from some currently 
in use indicate losses far less than the 
losses due to evaporation from a sur- 
face reservoir, and there are no prob- 


common, 


lems of contamination, 
weed growth. 


silting, and 
These underground wa- 
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ter reservoirs can accommodate excess 
rainfall and store it as long as desired. 
Construction costs for drilling wells 
may not be greater than the cost of a 
watershed and a dam because these 
wells generally will be rather shallow. 
Pumping water underground has 
proved effective in reversing the de- 
pletion of the ground water table and 
in controlling the inroads of brackish 
water along the seacoast. 

It is predicted that there will be 
other beneficial uses of underground 
fluid injection not yet explored. 


Summary 


It is not intended to convey the im- 
pression that underground fluid injec- 
tion is a panacea for all waste disposal 
problems. Rather, it is felt that this 
development is more tool to be 
used by engineers when economie con- 
ditions are favorable. 


one 


Based on data at hand, however, it is 
indicated that underground disposal of 
industrial wastes can be a_ practical 
method which should be given serious 
consideration. 


CLAY PIPE RESEARCH 


On April 15, 1958, the National Clay Pipe Manufacturers’ Associa- 
tion dedicated a completely new, modern research laboratory at Crystal 


Lake, 


The new facility is named, ‘‘The National Clay Pipe Manu- 
facturers, Inc-—D. M. Strickland Research Laboratory,’’ in 


honor of 


the past president who for many years headed this association. 
The new laboratory is engaged in research aimed at numerous new 
developments and improvements in clay pipe and jointing methods. 
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Consistent and reliable BOD values 
for pure organic compounds would be 
highly desirable from the standpoint of 
industrial waste treatment. Knowing 
the quantity of chemical present in a 
particular waste, it would be possible 
to caleulate the BOD load imposed by 
that chemical on the treatment process 
if a reliable value were available. 

The BOD values for many organic 
compounds previously reported in the 
literature (1) show considerable varia- 
tion. This is especially true of the 
fatty acid group where, for example, 
the 5-day BOD af acetic acid ranges 
from 0.11 to 0.88 part of O, consumed 
per part of compound. 

In attempting to develop more con- 
sistent and reliable BOD values for the 
lower fatty acids, it became necessary 
to study the various faetors involved, 
in order to standardize and control the 
oxygen uptake measurement. The fac- 
tors studied with respect to their effect 
on the BOD of acetic acid were as 
follows: 


1. BOD method employed. 

2. Cation to which the fatty acid 
radical is attached. 

3. Nitrogen and phosphorus concen- 
tration in the dilution water. 

4. Nitrogen source. 

5. Acid concentration. 

6. Quality and concentration of 
seed. 


The data concerning the effects of 


nitrogen and phosphorus concentra- 
tion and nitrogen source have been 


presented in a separate publication 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Rutgers 
University. Presented at 132nd National 
Meeting, American Chemical Society; New 


York, N. Y.; Sept. 8-13, 1957. 
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(2). The errors in observed BOD due 
to nitrification were eliminated by 
maintaining the expected BOD: N:P 
ratio at 100:5:1 or by substituting 
nitrate as the nitrogen source in the di- 
lution water. Once these factors were 
brought under control, it was possible 
to extend the study to other members 
of the fatty acid group and to obtain 
reliable BOD values for these. 


General Procedure 


Three types of BOD measurements 
were used—the standard dilution, jug 
dilution (3), and Warburg method, 
which can be used for concentration 
ranges of 2 to 8 ppm, 6 to 20 ppm, and 
100 to 10,000 ppm, respectively. 

To maintain all data on a com- 
parable basis, acid concentrations are 
expressed as the concentration of oxi- 
dizable organic radical, and BOD re- 
sults are presented (Table I) as parts 
of oxygen consumed per part of oxi- 
dizable organic radical. 

In all tests where acid concentrations 
of 100 ppm or more were used, and 
only in such instances, the pH was 
adjusted to 7.0 prior to contact with 
the seed material. The oxygen demand 
of seed material was subtracted from 
the observed BOD in all cases. When 
studying high acid concentrations, it 
was necessary to use the fatty acid 
salt in order to maintain favorable pH 
conditions. Thus, it became necessary 
to determine if the cation employed has 
any effect on the oxygen demand of 
the acid radical. 

In Table II are shown the results 
of one experiment where 8.0 ppm ace- 
tate in combination with four different 
cations were tested by the standard di- 
lution method. Ten replicates were 
run with each cation. 
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TABLE I.—Effect of Method on 5-Day BOD of Acetate 


Acetate 
ppm) 


Method 

Min 

Std. dilution 

Jug dilution 
Warburg 


0.68 
0.69 
0.66 


2to8& 
6 to 20 
100 to 10,000 


? Parts O. consumed per part of acetate. 


The results show that these cations 
have no differential effect on the BOD 
of acetate; hence, NaOH was arbi- 
trarily the neutralizing 
agent for high fatty acid concentra- 
tions. 

The results of a study of the effect 
of sewage concentration on the 
5-day BOD value and length of lag 
period observed in the oxidation of 


chosen as 
seed 


TABLE II.—Effect of Cations on the 5-Day 


BOD of Acetate 
5-Day BOD (parts/part)! 


Min 


0.79 

0.75 | 
0.74 | 0.79 | 
0.75 | 


1 Parts O2 consumed per part of acetate. 


TABLE III.—Effect of Sewage Seed 
Concentration on the 5-Day BOD 
and Length of Lag Period with 
100 to 10,000 ppm Acetate 


} 
5-Day 
Food:Seed | | BOD 
Ratio (parts/ 
part) 


Acetate | 
Conc. 
(ppm) 


1,000:1) 1 0.76 
10,000: 1 | 0.74 

10,000 1100,000: 
10,000 | 
10,000 | 
100 | 


10,000: 1 
100:1 
100: 


10,000 —* 


| 
} 


* 10 per cent adapted seed. 


5-Day BOD (parts/part)! 


Samples 


Max 


0.80 


0.88 


+0.03 


high acetate concentrations are given 
in Table III. 

It was found that with up to 1,000 
ppm acetate the established values of 
parts of oxygen utilized per part of 
acetate were obtained using as little 
as 0.1 per cent sewage with a lag pe- 
riod of one day. 
Figure 1. 
sive 


This is also shown in 
Adaption, through sueces- 
transfers of seed material with 
new acetate preparations, was neces- 
sary to develop a seed capable of effi- 
ciently oxidizing 10,000 ppm acetate 
(Figure 2) 

Even where the food: seed ratio was 
held constant in one experiment using 
the same sewage as seed, the 5-day lag 
along with a low BOD value was still 
with 10,000 ppm acetate. 
This 5-day lag period was not always 
observed, however, because some sew- 
ages were able to oxidize 10,000 ppm 
after a one-day: lag. 

Large variations may be expected in 
length of lag period and 5-day BOD 
of the organic acids, due to a differ- 
ence in sewage source or sampling 
time. 

Table IV shows that with 10 per cent 
Highland Park sewage and _ 10,000 
ppm acetate, the lag periods ranged 
from 1 to 5 days and the 5-day BOD 
from 0.06 to 0.77 parts per part. With 
100 per cent Highland Park sewage 
the lag varied from 3 to 5 days, and 
the 5-day BOD from 0.12 to 0.64 parts 
per part. The 10 per cent Bound 
Brook sewage gave only a one-day lag 
and a 5-day BOD of 0.77 parts per 
part. 

Ten per cent Bound Brook sewage 


observed 


7 
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| y AVE | 
0.76 +0.03 9 
0.77 +0.06 13 
0.74 7 i 
: 
AM 
| Avg 
| | Max Avg Dev 
| ev. 
H 0.80 | +0.01 
| 0.79 | +0.01 
K 0.77 | +0.01 
‘ 
ase Ca 0.78 | +0.01 
| 
Sewage 
Conc. 
(% by 
vol.) | 
—* | 0.76 
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BOD (parts/part) 


and 10,000 ppm valerate gave a 5.5- 
day lag and a 5-day BOD of 0.06, as 
compared with a 2-day lag and a BOD 
of 1.34 obtained with 10 per cent High- 
land Park sewage. 

It is concluded that reliable and 
expected oxygen demand values can- 
not be consistently obtained with 


FIGURE 1.—Oxygen demand of 100, 1,000, and 10,000 ppm acetate. 


TABLE IV.--Effect of Sewage Variations in Source and Sampling Time on the 5-Day BOD 


10,000 ppm organic acid substrate 
using an unadapted sewage as seed. 

The effect of adaptation of sewage 
seed with successive transfers on the 
oxygen demand of 10,000 ppm of ace- 
tate, butyrate, and valerate is shown 
in Figures 2, 3, and 4. 

Guided by the information obtained 


Acid 

—| Sewage Date | Jas 5-Day BOD 
(ppm ¢ | 
10,000 | acetate | 10 HP 8/14/56 | 5.0 0.06 
10,000 | acetate 10 HP 9/13/56 1.0 0.72 
10,000 | acetate 10 } HP 7/5/56 | 1.5 0.77 
10,000 acetate 10 BB 5/29/57 | 1.0 0.77 
10,000 | acetate 100 HP 2/11/57 | 5.0 0.12 
10,000 | acetate 100 HP 3/4/57 3.0 0.64 

| 

10,000 | valerate 10 BB 5/29/57 | 5.5 0.06 
10,000 | valerate | 10 HP 7/15/57 2.0 1.34 


1HP = Highland Park, N. J.; BB = Bound Brook, N. J. 
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FIGURE 2.—Oxygen demand of 10,000 ppm acetate. 


from these preliminary studies, it was 
then possible to measure the 5-day and 
20-day BOD values of some of the 
other fatty acids. 

In all cases, nitrate was supplied as 
the nitrogen source in order to prevent 
nitrification, and the BOD: N: P ratio 


1.6 


was maintained at 
100: 5:1. 

The 5-day and 20-day BOD values 
for the fatty acids studied are given 
in Table V. Ineluded also in this 
table are the theoretical oxygen de- 
mand (TOD) values (based on com- 


approximately 


1.4 


BOD (parts/part) 


1000 ppm ist Passage 
© 10,000 ppm - lst Passage 


x 10,000 ppm - lith Passage 


5 
DAYS 


FIGURE 3.—Oxygen demand of 1,000 and 10,000 ppm butyrate. 
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@ - Ist passage 
O = 3rd passage 
X - 4th passage 


4 


5 6 


plete chemical oxidation to CO, and 
H,O), the 5-day values as per cent 
of the theoretical value, and the 5-day 
values as per cent of the 20-day value. 

Table V shows that the 5-day BOD 
of the lower fatty acids (excluding 
capric) is equivalent to an average of 
67 + 3 per cent of the theoretical oxy- 
gen demand based on complete chemi- 
eal oxidation to carbon dioxide and 
water. The caprate under these cir- 
cumstances formed an emulsion, which 
most likely rendered the compound 
less available for biological oxidation 
than if it were completely soluble. 


This compound will therefore be con- 
sidered 


among the ‘‘higher’’ fatty 


| 
| 
Theoretical | 
Oxygen 
Demand! 


Acid 
(parts /part) 5-Day 


A 0.72-0.7 
Propionic 1.50 1.00-1.1 
Butyric 1.80 1.30-1.4 
Valeric 2.04 | 1.28-1.3. 
Caproic 2.21 1.4 
Caprylic 2.44 1.4 
Capric 2.60 119-14 


DAYS 
FIGURE 4.—Oxygen demand of 10,000 ppm valerate. 


TABLE V.—5-Day and 20-Day BOD Values of Some Lower Fatty Acids 


BOD. (parts/part) 


1 Parts of oxygen per part of oxidizable radical. 


7 8 9 10 11 12) «13 14 


acids, which will be the object of fu- 
ture investigations. 

The 5-day values given in this table 
for all the acids are equivalent to an 
average of 91+ 4 per cent of the 20- 
day value. 

Because the observed 20-day value 
was arbitrarily called the ‘‘ultimate,”’ 
it was desirable to compare this ob- 
served value with a calculated L-value 
obtained by one of the common meth- 
ods. The ‘‘moments’’ method (3) was 
used to calculate the k- and L-values 
for the available fatty acid curves. 
Some difficulty was experienced at first 
in applying this method to these pure 
organic compounds. The method is 


— 
Ratio (%) 


20-Day 


1.11- 1.26 
1.42 72-78 92-99 
1.44-1.54 62-66 88-89 
1.68 | 66 | 87 
1.66 60 88 
46-54 99 


1.20-1.41 


| 


? 
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Max Avg 


0.19 
0.26 


0.25 


0.21 
0.31 
0.29 
0.31 | 0.25 
0.24 | 0.22 
- 0.26 
0.24 


Acetate 
Propionate 
Butyrate 
Valerate 
Caproate 
Caprylate 
Caprate 


May 1958 


Observed 20-Day! 


1 Parts of O» per part of oxidizable organic radical. 


based on the assumption that a sewage 
oxidation curve follows, on the aver- 
age, a unimolecular equation. 

In attempting to ealeulate k- and L- 
values for these curves by adhering 
strictly to the moments method, much 
difficulty was encountered 
readings within the lag periods were 
included in the ecaleulations. This re- 
sulted in L-values that in most cases 
significantly exceeded even the theo- 
retical oxygen demand value. 

By eliminating the lag periods from 
the calculations and by establishing a 
new point of origin on the curve, these 
difficulties were overcome. The new 
point of origin was obtained by draw- 
ing a straight line along the steepest 
part of the curve and continuing this 
line to the time seale. The point of 
origin was then taken as the nearest 
one-half day to the left of the intercept 
of this line with the time scale. Caleu- 
lations were then made considering this 
new point of origin as ‘‘zero days’’ 
and reasonable L-values were obtained 
which compared well with the observed 
20-day value. Table VI shows the 
minimum, maximum, and average ob- 
served and calculated k- and L-values 
for the acids studied. These repre- 
sent the results of tests where only 
10,000 ppm of the acid was used and 
where a 20-day value was observed. 


because 


The results show a good agreement 
in all cases between the calculated and 
observed ultimate values and the rates 
of oxidation of the fatty acids are 


comparable to those reported for sew- 
age by Ruchhoft (4). 


Summary and Conclusions 


1. The sodium, potassium, and cal- 
cium salts of acetic acid give a 5-day 
BOD of 0.77 to 0.80 parts of oxygen 
per part of acetate. This indicates 
that these cations have no differential 
effect on oxidation of the fatty acid 
radical. 

2. The standard dilution, jug dilu- 
tion, and Warburg methods give com- 
parable BOD results with a given 
compound. 

3. Sewage quality has a great effect 
on the oxygen demand of 10,000 ppm 
of the organic acids. The volume of 
sewage used as seed did not have such 
a pronounced effect on the oxygen de- 
mand. Many variations in length of 
the lag period and 5-day BOD value 
were observed with 10,000 ppm acetate 
and valerate. These variations were 
due primarily to differences in sewage 
source and sampling time. 

4. Consistent and reliable BOD 
values cannot be obtained with 10,000 
ppm of fatty acid using an unadapted 
sewage as seed. 

5. In cases where a long lag period 
is observed in the oxidation of high 
concentrations of the fatty acids, it is 
possible to develop an ‘‘adapted seed’’ 
through successive transfers of seed 
material. This procedure greatly re- 
duces the lag period and yields 5-day 
BOD values corresponding to those ob- 


t : TABLE VI.—k- and L-Values for the Lower Fatty Acids 

Calculated k Calculated L 

Acid Samples ‘ 

as Min P| Min Max Avg | Min Max | Avg 

‘Ss | | 0.18 | | 0.83 | 0.87 | 0.84 | 0.78 | 0.82 | 0.81 

oe 0.20 | 1.13 | 1.26 | 1.21 | 1.11 1.25 | 1.16 

ie | 0.16 1.28 | 147 | 1.38 | 1.25 | 142 | 1.33 . 

ei | | 0.18 | 141 | 149 | 145 | 1.47 148 | 1.47 

oa | 0.19 | 1.20 | 1.74 | 142 | 115 | 1.68 | 1.36 

— | 1.66 1.66 

4 - 1.29 1.20 

owe 
: 

avs 
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tained with lower acid concentrations. 

6. The 5-day BOD values of the 
lower fatty acids in concentrations 
ranging from 2 to 10,000 ppm repre- 
sent approximately : 


(a) An average of 67 +3 per cent 

of the theoretical oxygen de- 
mand based on complete chemi- 
cal oxidation to CO, and H,O. 
This excludes the 5-day value 
for capric acid. 
An average of 91+ 4 per cent 
of the ultimate oxygen demand 
based on direct measurement 
after 20-day incubation and on 
calculation by the moments 
method. 


7. The average caleulated k-values 
of 10,000 ppm of the lower fatty acids 
varies from 0.19 to 0.26 onee any lag 
period has been eliminated. 

8. Good agreement has been ob- 
tained between the observed 20-day 
BOD value and the Z-value calculated 
using the moments method because ni- 
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trate was supplied as the 
source, thereby preventing 
tion from occurring. 


nitrogen 
nitrifica- 
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REVISED FSIWA SAFETY MANUAL NEARLY COMPLETE 


Since the October Federation Meeting, final comments have been 
made by reviewers on the revision of Federation Manual of Practice No. 


1, ‘‘Occupational Hazards in Sewage Works Operation.’’ 


The original 


edition, issued in 1944, was reprinted with an additional appendix in 


1952. 


This edition has been out of print for over a year. 


The manual is in final draft stage and is scheduled for printing 


within the next two months. 
in THis JOURNAL. 


Its availability and price will be announced 


The revision has been prepared by the Federation Safety Committee 


with J. J. Wirts as Chairman. 


Practice, M. M. Cohn, Chairman. 


The new edition will inelude the latest practices 
I 


For this project, the group has worked 
as a subcommittee of the Committee on Sewage and 


Industrial Wastes 


in safety methods 


which may affect the operation of sewage and industrial wastes treat- 


ment plants. 


It is hoped that this publication will satisfy the demand 


for a current manual in this most important aspect of works operation 


and maintenance. 
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Stream Pollution 


ECONOMICS OF POLLUTION CONTROL 


By Epwarp F. RensHaw 


Office of Agricultural Economics Research, University of Chicago, Chicago, IU. 


In recent years increasing attention 
has been focused on the way in which 
the socio-economic-political process de- 
termines permissible pollution (1). 
Furthermore, the methods used by wa- 
ter pollution agencies to obtain control 
have been subjected increasingly to de- 
bate and discussion (2)(3). Also, the 
question has been raised as to whether 
the pollution control end should be ob- 
tained by stream classification, stream 
standards, effluent standards, or no 
standards. Lee (4) has concluded: 


‘*Many states now favor a method of 
stream classification whereby, after ade- 
quate public hearings, the water pollution 
control authority allocates streams, or parts 
of streams, for certain best uses and desig- 
nates the standards required for those uses. 
This has the advantage of insuring that 
everyone knows what is required, but it has 
the disadvantage of making it difficult to 
raise standards to a higher classification. 
Effluent standards are easiest to enforce 
because this method eliminates the need 
for extensive stream surveys though it may 
fail to take full advantage of the self- 
purification powers of a stream. Effluent 
standards impose the same requirements on 
fortunate enough, or wise 
enough, to locate on a large stream as are 
required of a competitor located on a small 
stream or brook. Stream standards, either 
with or without formal classification, are 
much to be preferred over effluent stand- 
ards.’’ 


a company 


In this paper an attempt is made to 
emphasize that there are both bene- 
fits? and costs associated with pollu- 


1 Participants at the 1953 FSIWA Indus- 
trial Wastes Forum were generally agreed 
that waste disposal constitutes one of the 
legitimate uses of a stream and that the 


tion, that an optimum solution to the 
problem of pollution control cannot be 
reached without taking into account 
both, balancing at the margin incre- 
mental benefits against incremental 
costs. 

By way of stimulating thought on a 
complicated and difficult subject, an 
alternative approach to pollution con- 
trol is advanced which has taken ex- 
plicitly into account the cost of pollu- 
tion, and permits waste producers 
freedom to solve at minimum cost their 
own waste disposal problems.  Al- 
though the idea of a penalty function 
may be somewhat utopian and im- 
practical, it permits attention to be 
focused on a few of the economic issues 
involved in control standards. 


Existing Control Plans 


In economics there is a tendency to 
be suspicious of either fixed pollution 
standards or stream _ classification 
standards, because it is doubtful, if not 
unreasonable, to suppose that a pollu- 
tion control authority will have suffi- 
cient information to determine (a) the 
highest use to which a limited amount 
of water can be put, (b) the optimum 
degree of pollution, or (c) the opti- 
mum degree of waste treatment which 
stream classification, stream standards, 


natural self-purification capacity of a stream 
is an economic asset which should not be 
wasted. It noted, however, that most 
people seem to feel that waste disposal 
should not interfere in any way with other 
uses of water; that all other uses should 
have priority over waste disposal. 
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and effluent standards, respectively, 
presume the authority can determine. 

Can a pollution authority reasonably 
be expected to know the value of water 
to all users, individually and collec- 
tively: domestic, industrial, agricul- 
tural, navigational, recreational, etc. ? 
Essentially stream classification pre- 
sumes that the demand? for the value 
of water in every competing use is 
sufficiently well known that the regu- 
latory commission can allocate ration- 
ally or determines its best uses. At 
present economists know little about 
the nature of the demand for water 
in even the simplest and most common 
uses, such as domestic,’ agricultural,* 
and power development.’ Virtually 
nothing is known about the nature of 
the industrial, recreational, and 
aesthetic demands for water, the inter- 
dependence of the various demands, 
or the relationship between water qual- 
itv and demand. 


Standards 


From an economic point of view, at 
least, it seems clear that a regulatory 
commission establishing stream 
classifications will be making complex 
judgments as to the value or the nature 
of the demand for water in a great 
many competing and interdependent 
These demands are not well 

Attainment of an _ optimal 


uSeS. 


known. 


2 Value in the demand sense can be thought 
of as the maximum amount people would be 
willing to pay for the use of water in any 
amount or direction rather than forego the 
amount or use entirely. 

3Such a study is now in the preliminary 
stage of derivation. 

4A rather restricted study has been made 
of the demand for irrigation water (see ‘‘ The 
Demand for Irrigation Water in the Ains- 
worth Area of Nebraska,’’ unpublished Ph.D. 
dissertation by John Dawson, Dept. Eco 
nomics, Univ. of Chieago; 1957). 

5A more complex study, which considers 
not only the demand for irrigation water but 
also the demand for water at power installa- 
tions, is being made. (See ‘‘ Water Allocation 
in the North Platte and Platte Rivers,’’ 
unpublished thesis prospectus by V. S. Hast 
ings, Dept. Economies, Univ. of Chicago; 
1957.) 
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classification in the first place might 
well be a matter of chance; if Lee is 
correct in alleging that classifications 
once established are difficult to change, 
it would seem even more unlikely that 
any classification system could be ex- 
pected to remain optimal. 

Towne (5) has emphasized that the 
vrowing demand for water has oe- 
casioned a need for standards suffi- 
ciently flexible to accommodate future 
changes in social and economie condi- 
tions. These changes are often un- 
predictable. 

The fixing of stream standards, on 
the other hand, must also be subjected 
to criticism. Is it likely that a regula- 
tory commission will have sufficient in- 
formation with respect to both the 
value of polluting and its social cost 
to set an optimal rate of permissible 
pollution? Is it likely that the opti- 
mal rate would be independent of the 
time of day, the season, hydrologie 
variables, economie change, and tech- 
nological developments? The first 
question raises a doubt as to whether 
a regulatory commission can reason- 
ably be expected to know what the 
optimum rate of pollution is; the see- 
ond question raises a doubt as to 
whether the rate is sufficiently con- 
stant as to be thought of in terms of a 
standard which can be established prior 
to changing circumstance. 


Value or Demand 


With respect to assessing the value 
or demand for the privilege of pol- 
luting, it must be confessed that noth- 
ing is known that the true 
demand is never greater than the al- 
ternative cost of disposing of waste 
materials by other means. At some 
point, the demand to pollute can be 
expected to fall below the alternative 
cost of waste disposal, because it is 
unlikely that successive units of pollu- 
tion will always be valued as greatly 
as preceding units. Although consid- 
erable resources have been used to pull 
together the costs of waste treatment 
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(6)(7)(8), nothing has been done to 
determine the point or rate at which 
the demand to pollute breaks away 
from the alternative cost of waste dis- 
posal. 

Nevertheless, the demand side, even 
if it were known, is only half the 
solution to the determination of an 
optimum pollution rate; to arrive at a 
specific rate, one would need to know 
the social cost of each alternative pollu- 
tion rate. Because a knowledge of the 
social cost of polluting is basic to any 
scheme for controlling or regulating 
pollution, discussion of the difficulty of 
obtaining this information is deferred 
until later. Suffice it to say that the 
idea of an optimal pollution rate is 
sufficiently complex to make it doubt- 
ful that any regulatory commission 
would have adequate information to 
determine it. Furthermore, the sto- 
chastie nature of hydrologic, economic, 
and technical variables makes it inad- 
visable to think of optimal pollution 
in terms of a unique rate. Sanitary en- 
gineers, such as Velz, have repeatedly 
emphasized that the self-purification 
capacity of streams is a function of a 
great many hydrologic and geographic 
variables (9)(10) (11). 


Critical Evaluation of Standards 


Fixing of effluent standards, if they 
are to be at all consistent with maxi- 
mum social welfare, would entail on 
the part of a regulatory commission 
not only knowledge of the social cost 
of pollution, but also complete knowl- 
edge of the cost of disposing of waste 


products by other means. Essentially, 
the effect of imposing effluent standards 
on waste producers is to force them to 
bear a portion of the cost of waste 
disposal. If the effluent standards set 
by the regulatory commission are to be 
even approximately consistent with the 
ideal of cost minimization, all costs 
considered, that set of effluent stand- 
ards must be selected which brings into 
equality the marginal (incremental) 
costs of disposing of waste by every 
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relevant alternative means. For a 
uniquely optimum solution to be ar- 
rived at independently of an explicit 
consideration of demand, the marginal 
costs of waste disposal in every direc- 
tion, including pollution, not only 
must equal, but also must be borne by 
waste creators. 

It does not seem likely that the 
optimal set of effluent standards could 
be reduced to a unique standard that 
could be made applicable to every 
polluter without adjustments for the 
nature of his pollution demand, his 
location in relation to receiving waters, 
and the degree of economic develop- 
ment around him, unless one were pre- 
pared to accept a situation in which 
there would exist under- and over- 
utilization of purification capacity. 
One or the other, or both, would be 
the price that would be paid for sim- 
plicity and the appearance of a fair 
standard. It is also doubtful that 
the optimal set of effluent standards 
would be stable or constant with re- 
spect to the time of day, the season, 
and changes in hydrologie, economic, 
or technological variables. 

The criticisms which an economist 
is forced to make with regard to stream 
classification systems, stream  stand- 
ards, and effluent standards can be 
summarized as follows: 


1. While on an abstract level there 
is a correspondence between the three 
systems such that each system could 
be made to yield the same set of 
adjustments to the pollution problem, 
lack of information on the part of 
regulatory commissions and the rigid- 
ity of standards and _ classification 
systems, once imposed, make it un- 
likely that an optimal result would be 
obtained. Without a great deal more 
information than is currently avail- 
able, a confident judgment cannot even 
be made as to which of the three meth- 
ods would lead to the most optimal 
results. 

2. Each of the three methods entails 
more regulatory information of an eco- 
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nomic character than is necessary to 
approximate desirable economic adjust- 
ments to the waste disposal problems. 


Other Considerations 


Because economic values are the 
most suspect and the most difficult for 
a regulatory commission to come by, 
greater consideration ought to be 
given to other pollution control alter- 
natives. The penalty approach has 
among its virtues economy with re- 
spect to the kind of value information 
that is needed by a regulatory com- 
mission and excellent possibilities for 
built-in flexibility. Furthermore, as 
a by-product of the system, the penal- 
ties actually paid by the polluters 
yield information that could be used 
to assess benefits from stream regula- 
tion and the losses that would accrue 
if water were diverted to other uses. 
Whether the system would be practical 
from a technical, administrative, or 
political point of view is a question 
requiring further consideration. The 
suggestion is advanced primarily as a 
means of stimulating thought with re- 
spect to alternative ways of achieving 
the pollution control end. The sketchy 
detail in which the plan is presented 
can surely be modified, improved upon, 
and simplified to fit individual cases. 


Penalty Approach to Pollution 
Control 


Basic Philosophy 


From a social point of view, the 
criterion which should be used to de- 
termine the optimal disposal of a 
given quantity of waste is that the 
real costs of waste disposal, all costs 
considered, be minimized. A_neces- 
sary condition for obtaining a mini- 
mum is that costs be ineurred in al- 
ternative disposal directions, such as 
waste treatment, stream regulation, 
and consideration of the effects of pol- 
lution until the incremental costs of 
waste disposal in every direction are 
equal. On general economic grounds, 
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it can be assumed that a policy of cost 
minimization will lead to an optimum 
production of waste, provided Paste 
creators are forced to bear the inere- 
mental cost of waste disposal. Such 
a policy would be consistent with the 
competitive ideal of marginal cost 
pricing. 

There exists a great deal of evidence 
to indicate that the individuals and 
groups responsible for waste disposal 
do strive to adjust waste disposal in- 
puts so that the cost of waste disposal 
is minimized. This is brought out by 
a large number of published articles 
reflecting interest in the cost of alter- 
natives such as stabilization ponds, 
sludge pipeplines, combined treatment 
of domestic and industrial wastes, in- 
dustrial waste recovery, re-cycling of 
waste water, overloading of treatment 
facilities, ete. The problem is that 
the cost of polluting ean be shifted to 
someone else, hence need not be given 
the same consideration as other costs. 
If, however, a means were devised for 
estimating the real loss from pollution 
and a mechanism were created for col- 
leeting losses from polluters, it is 
reasonable to believe that waste pro- 
ducers and disposers would have suffi- 
cient incentive to adjust their resources 
so that, from an over-all point of view, 
there would be no pollution problem. 

This is not to say that there would 
be no pollution. In fact, there might 
be a great deal more or less pollution, 
depending on the relative value to 
society of polluting and its relative 
cost. It would not necessarily mean 
that everybody, or even anybody, 
would be truly happy over the results, 
for there will always be those whose 
best interest would be served by zero 
pollution and those whose best interest 
would be served if the cost of pol- 
luting were zero. All that is hoped 
is that the penalty approach would 
lead to a better solution to the prob- 
lem of waste disposal. 
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Mechanics of Execution 


The philosophy underlying the 
penalty ® approach to pollution control 
is that polluters should be allowed to 
pollute as much as they like, provided 
they are willing to pay the penalty 
or the additional pollution. 
The penalty approach to pollution con- 
trol is closely related to the approach 
suggested by Jacobs at the 1953 In- 
dustrial Waste Forum (13). The pol- 
lution control authority would have as 
its responsibility the determination 
and collection of penalties. The idea 
assumes that potential polluters, act- 
ing in their own best interests. will 
then strive to adjust their waste erea- 
tion and disposal activities so that the 
net value associated with waste erea- 
tion is maximized and the over-all real 
cost of waste disposal is minimized. 


eost of 


Related Factors 


At a technical or engineering level. 
the penalty approach assumes that 
waste creators can be identified and 
that their contribution to the over-all 
pollution load can be measured. At 
the administrative level, the approach 
assumes that the added expense of 
administering the plan will be less 
than the social loss incurred by a less 
optimal plan. At a policy level, the 
approach assumes that penalties ean 
be assessed which will be both politi- 
eally acceptable to a majority of the 
citizenry, and will approximate the 
true cost of pollution. It is recog. 
nized that the invalidity of any one 
of these assumptions would be suff- 
cient to render the penalty approach 
technically, economically, or politically 
unfeasible. For the purpose of this 
discussion, however, these possibilities 
will be ignored. 

An important step in the construc- 
tion of a penalty function is to develop 
concepts of pollution which ean be 

®The idea of attaching the word **pen- 
alty’’ to what in the economic literature is 
denoted as social cost, was borrowed from 
Romer (12), 
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functionally related to cost in a mean- 
ingful economic manner. The prob- 
lem would be greatly simplified if 
pollution had only one attribute of 
economic consequence, or indeed if all 
wastes could be reduced to a measur- 
able common denominator. Such is not 
the case, however; the cost or penalty 
associated with polluting must be 
looked upon as a net sum of the costs- 
benefits which are associated with at- 
tributes of waste products, such as 
taste, suspended particles, or- 
ganie matter, inorganic substances, 
heat, bacteria, ete. 

At a first approximation, penalties 
can be tied directly to indexes of in- 
dividual attributes of waste products ; 
the penalty can then be thought of as 
a cost function of the attribute under 
consideration. In tying penalites to 
individual attributes of waste prod- 
icts, it should be borne in mind that 
the penalties associated with each at- 
tribute may not be independent of 
each other. For instance, fish ean be 
killed by virtue of BOD loadings ex. 
hausting the available oxygen supply, 
or by the presence of toxie substances. 
The cost of a fish kill. however, should 
not be compounded by the number of 
attributes which could conceivably 
have been responsible for the killing, 
but rather it should be prorated among 
them or allocated to the most likely 
attribute. 

Presumably, one would want to as- 
Sess separately pollution penalties at 
all important points of consumptive 
use along the affected receiving water. 
At each point of consumptive use, the 
penalty could then be considered not 
only a function of the degree of pollu- 
tion, but also a function of the dura- 
tion of pollution in hours or days, the 
time of the day, and the season of the 
year in which pollution oceurs. For 
the presence of toxic sub- 
stances in large quantities may not be 
sufficient to kill fish if their passage is 
Onee fish have been 
killed, the incremental cost of an extra 
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of short duration. 
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day of polluted water may be negli- 
gible. With respect to seasonal varia- 
tion in the penalty function, it is quite 
obvious that certain values (such as 
those associated with safe swimming) 
may not exist during the winter, hence 
would not be lost as a result of pollu- 
tion. 

To facilitate optimal adjustments to 
the waste disposal problem, penalty 
schedules should be construeted and 
posted in advance of the date at which 
they are to be made applicable. Flexi- 
bility and dynamicism can be intro- 
duced into the schedule by relating 
changes in the schedule to changes in 
real economic variables, such as popu- 
lation and industrial development at 
points of consumptive use. Provisions 
should be made, of course, for periodic 
review of the continuing applicability 
of the parameters used in constructing 
penalty schedules. 


Collection and Distribution 
of Penalties 


Initially the control authority has 
an option of determining a_ penalty 
function which will immediately affect 
the nature of waste disposal, hence the 
distribution of net income along the 
receiving water, or of determining a 
penalty function which will affeet pri- 
marily only the future distribution of 
income. 

A question which must be faced is 
whether to penalize polluters for the 
existing quantity of pollutant or to 
apply penalties only to incremental 
increases in pollution over and above 
present amounts. If an objective of 
control is to improve stream conditions, 
penalties would have to be attached 
to existing pollutants in order to make 
it in the interest of polluters to insti- 
tute a higher degree of waste treat- 
ment. The effect of attaching penal- 
ties to existing pollution would be to 
increase the current cost of waste dis- 
posal and, if minimal cost adjustments 
oecasion a smaller degree of pollution, 
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to decrease the costs of pollution borne 
downstream. 


Penalty Assignment 


Any number of schemes could be de- 
vised for allocating or prorating a 
given total penalty to contributing 
polluters. An appealing device, how- 
ever, is to allocate the total penalty 
in direct proportion to waste contrib- 
uted and to allow any firm or agency 
to pollute in any amount, provided it 
expressed a willingness to abide by the 
rules. A license fee might also be as- 
sessed to cover the fixed administrative 
costs associated with measurement and 
assessment. The advantage of a pen- 
alty assessment in proportion to waste 
contributed, from the standpoint of an 
optimal allocation of the waste dis- 
posal asset of a receiving water, is that 
rights to pollute are not established 
which are or become independent of 
the value and cost of polluting. A 
price mechanism is created by propor- 
tional allocation which permits the 
competitive process to ration or put the 
self-purifying powers of a stream to 
their highest alternative uses, unim- 
peded by the costly transfer of legal, 
administrative, or  institutionalized 
rights to pollute. 

One of the difficult problems faced 
by a regulatory commission in imple- 
menting stream standards is allocating 
the designated capacity of the stream 
among polluters (14). Proportional 
penalty payment and freedom to be- 
come a polluter would remove the 
regulatory commission from the very 
trying and difficult job of rationing 
the very valuable right to pollute. 


Penalty Collection 


It is expected that the collection of 
penalties will pose a problem with re- 
spect to their ultimate distribution. If 
it can be demonstrated that the pen- 
alties collected represent substantial 
unrecoverable losses to individuals or 
organized entities, there would exist a 
justification for distributing penalties 
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received to those who are forced to 
bear the costs of pollution. If, how- 
ever, the costs to individuals are small, 
if they have been deducted from in- 
come and property values prior to the 
implementation of a penalty system, or 
if they are ultimately borne by large 
groups and the public in general, there 
is a justification for regarding the 
penalties that are collected as a tax and 
distributing the net proceeds to af- 
fected municipalities to use as they see 
fit; the assumption being that the pro- 
ceeds will be used by the municipalities 
in such a way that the losers from 
pollution will be ultimately compen- 
sated in terms of increased govern- 
mental services or a smaller tax bill. 


The Measure of an Appropriate 
Penalty 


Ideally, a penalty function should 
approximate the incremental social 
cost associated with a change in the 
pollution rate. From the standpoint 
of practical pollution control, however, 
it may not be of critical importance 
that the penalty function represents 
what an economist would consider the 
true costs involved. There is a sense 
in which the social costs of pollution 
ean only be what a representative 
body politic (1), reflecting the con- 
flicting interests of both polluters and 
those who are damaged by pollution, 
can in a compromising fashion agree 
the cost to be. Presumably, the pollu- 
tion control authority in endeavoring 
to establish a penalty function would 
seek the advice of economists and engi- 
neers and would finally agree on a 
specific function only after extensive 
hearings at which all affected parties 


could be heard. In this section, an 


attempt is made to define costs of pol- 
lution and to discuss possibilities for 
measuring these costs in dollar terms. 


In a general way, the penalties so- 
ciety pays as a result of pollution can 
be arbitrarily grouped into the follow- 
ing categories: 
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1. Increased water supply costs— 
domestic, agricultural, and industrial, 
including water transport and power 
facilities. 

2. Fish and wildlife losses. 

3. Recreational and aesthetic losses, 
including losses to swimmers, boaters, 
and nature lovers. 


Water Supply Costs 


Of all the losses from pollution, 
conceptually the easiest to measure are 
water supply costs. A good approxi- 
mation of the losses from polluted wa- 
ters can in this ease be obtained by 
estimating the added cost of water 
treatment and plant cooling (if water 
has been polluted with heat) and by 
estimating the cost of maintenance, re- 
pair, and replacement due to increased 
Engineering estimates of 
these costs are always relevant in as- 
penalties unless inere- 
mental costs of obtaining water sup- 
plies from an alternative source, such 
as wells or an unpolluted stream, is 
less than the costs incurred from pol- 
lution. 

The only economic loss of an in- 
tangible nature associated with pol- 
luted water supplies is a change in 
quality which cannot be readily or 
economically corrected by proper 
treatment. 


yrrosion. 


sessing 


Fish and Wildlife Losses 


The social loss from a reduction in 
commercial fishing is not as great as 
is often imagined, because much of the 
value associated with the consumption 
of commercial fish is exhausted by the 
resource cost incurred in obtaining the 
fish from their natural habitat. The 
alternative product which could be 
produced by fishermen and their in- 
vested capital in some other industry 
must be subtracted from the commer- 
cial loss resulting from either a kill or 
depletion in arriving at a net loss from 
pollution. 

The value of sport fishing is more 
difficult to pin down, because there is 
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value associated with the act of catch- 
ing fish which is not at all related to the 
consumptive value of fish. This value 
is fundamentally related to the willing- 
ness of fishermen to pay for the privi- 
lege of fishing. A license demand for 
the privilege of fishing can conceptu- 
ally be thought of as a function of the 
expected catch, the kind of catch, the 
limit on the catch per person, the price 
of the license, and the relative price 
of substitutable activities, including 
the possibility of fishing elsewhere. 
Data on license fees could be used to 
obtain a rough estimate of the value 
foregone by sportsmen as a result of 
a fish kill. 


Recreational and Aesthetic Losses 


Of all the values destroyed by pollu- 
tion, perhaps the most difficult to meas- 
ure are recreational and aesthetic 
values. The measurement task, how- 
ever, is not as hopeless as might be 
imagined. Economie theory suggests 
that a large part of the aesthetic and 
recreational value of a stream, or an 
area for that matter, is capitalized into 
private land values. By astutely ap- 
praising the value of land with and 
without the aesthetic assets of an un- 
polluted body of water, there is hope 
of obtaining a reasonable estimate of 
the penalty to assess against pollution. 

There does exist a somewhat moot 
question, however, as to whether land 
set aside for publie purposes is worth 
more or less than the price it would 
command in the market. The act of 
setting it aside would seem to imply 
that the land is worth more to the 
public than to private individuals. On 
the other hand, there is reason to 
believe that a large part of the recrea- 
tional and aesthetie benefits from pub- 
lie lands is indirectly capitalized into 
private land values. 

As a maximum, the recreational and 
aesthetic benefits lost from pollution 
can never be greater than the inere- 
mental cost of providing comparable 
or reasonable substitutes for benefits 


POLLUTION CONTROL ECONOMICS 687 


foregone ; for instance, swimming pools 
can be substituted for beaches. In this 
case, not all the incremental costs of 
constructing a municipal pool should 
be charged to pollution, because a pool 
by virtue of its inherent safety may 
be a more desirable public asset. 

If the methods which have been ad- 
vanced for measuring intangible bene- 
fits are not appealing, there always 
exists an expedient political alterna- 
tive. This is to put an array of al- 
ternative penalties or penalty func- 
tions on a ballot, let the citizenry and 
affected interests vote (knowing that 
whatever penalty they select must bal- 
ance pollution losses against increased 
costs of waste treatment), and accept 
the average penalty vote as a measure 
of the social cost of pollution. 


A By-Product of the Penalty 
Approach 


A record of penalties paid, assuming 
a penalty system were actually put into 
effect, would provide economists with 
valuable information that could be 
used to assess both the benefits from 
low-flow regulation and the loss which 
would occur if water is diverted to a 
competing use, such as_ irrigation. 
Penalties paid, divided by a standard- 
ized measure of stream flow, could be 
used to generate a statistical demand 
for water as an agent of dilution. As 
a first approximation, the savings or 
benefits from low-flow regulation, for 
instance, constitute the difference be- 
tween penalties that would be incurred 
during low-flow periods and the penal- 
ties that would be incurred during 
periods of high flow. The simple dif- 
ference is approximate and not pre- 
cise, owing to the fact that flow regu- 
lation may affect not only the cost of 
pollution but also the costs incurred in 
treating waste products by other 
means. An exact solution to either 
flow regulation or diversion is the dif- 
ference between total waste disposal 
costs with and without stream regula- 
tion or dilution. 
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MEETINGS OF INTEREST 
1958 


Thirteenth Industrial Waste Conference, Purdue University, 
Lafayette, Ind. Professor Don E. Bloodgood, School of Civil 
Engineering, Purdue University, Lafayette, Ind. 
Inter-American Association of Sanitary Engineers, San Juan, 
Puerto Rico. Enrique Ortega, Secretario General AIDIS, <As- 
sociacion Interamericana de Ingenieria Sanitaria, Apartado de 
Correos 218, San Juan, Puerto Rico. 
Short Course on Safety Management Techniques, National 
Safety Council, Chicago, Ill. Director of Industrial Training, 
National Safety Council, 425 N. Michigan Ave., Chicago, II. 
25-29 Liquid Scintillation Counting Conference, Northwestern Uni- 
versity (Technological Institute), Evanston, III. 
26-28 Fifth Ontario Industrial Waste Conference, Delawana Inn, 

Honey Harbour, Ont., Canada. A. E. Berry, Ontario Water 
Resources Commission, East Block, Parliament Buildings, To- 
ronto, Ont., Canada. 

June 22-2! American Institute of Chemical Engineers, Bellevue-Stratford 

Hotel, Philadelphia, Pa. F. J. Antwerpen, Executive Secretary, 

25 West 45th St., New York 36, N. Y. 

American Society of Civil Engineers, Multnomah Hotel, Port- 

land, Ore. W. H. Wisely, Executive Secretary, 33 West 39th 

St., New York 18, N. Y. 


June 23-27 
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THE OPERATOR’S CORNER 


ConpucTEeD By DonaLp P. ScHiesswoHL 


1957 OPERATORS’ FORUM * 


W. D. Leader 


Superintendent, Sanitary District, Decatur, Il. 


This is the second of two sections of the forum and includes discussion on acti- 
vated sludge, trickling filters, and stabilization ponds. 


The first section, dealing 


with grit chambers and primary settling, and sludge digestion was published in the 


April 1958 issue of THIS JOURNAL. 


Activated Sludge 


T. R. Haseltine, Partner, The Chester 
Engineers, Pittsburgh, Pa.:—I always 
enjoy talking about activated sludge, 
but I feel that many of the units we 
use to talk about it are so irrational 
they confuse us rather than help us 
to understand the subject. One of the 
most unfortunate units is that of ex- 
pressing the loading in pounds of BOD 
applied per day per thousand cubic 
feet of aeration tank volume. I think 
this is meaningless. It makes no allow- 
ance for the weight of sludge earried 
in the tanks or the intensity of the 
aeration. An aeration tank without 
sludge is analogous to a filter without 
media. I believe that BOD loading 
should be expressed as pounds per hun- 
dred pounds of either total or volatile 
solids in the aeration system; and in 
applying this measure, consideration 
must be given to all of the solids in 
the aeration system. If there are sepa- 
rate sludge reaeration tanks, you must 
include these solids as well as the solids 


*From transcript, 30th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Boston, Mass.; Oct. 7-10, 1957. 
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in the mixed-liquor tanks proper. If 
the plant is well-operated, there prob- 
ably are not many solids in the final 
clarifiers; but there are certain pro- 
prietary devices that combine sedi- 
mentation and aeration in the same 
basin. Some of these have considerable 
sludge that is not in the aeration com- 
partment, but this sludge must be con- 
sidered in the amount of sludge in the 
aeration system. Obviously, the BOD 
input must include all the BOD going 
into the system (settled solids, super- 
natant solids, ete., but not the returned 
sludge). 

Another time-honored, but mislead- 
ing, unit is that of reporting air usage 
as cubic feet per gallon of raw sewage. 
Air requirements of the plant may de- 
pend on the number, type, and loca- 
tion of diffusers, the BOD input, the 
amount of BOD removed, the weight 
of sludge solids carried in the system, 
or the condition of that sludge. It 
certainly does not depend on _ the 
amount of liquid flowing through the 
tank. I believe that air usage should 
be expressed in two ways: (a) in eubie 
feet per pound of BOD removed, and 
(b) in eubie feet per day per pound of 
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volatile solids carried in the aeration 
system. 

A third unit that is somewhat mis- 
leading is the aeration period. We 
used to caleulate the aeration period 
on the basis of the mixed liquor flow, 
including the returned sludge. More 
recently the tendency is to calculate 
on the sewage or incoming waste flow 
only. Actually, neither of these pe- 
riods is of much significance. Activated 
sludge has the ability to quickly ab- 
sorb or otherwise remove most of the 
pollutants from the incoming waste and 
store them for synthesis into additional 
sludge floc. The time available for 
synthesis is the important factor. If 
it is too short, the sludge becomes 
glutted and loses some of its adsorptive 
power. If it is too long, excessive 
amounts of sludge are destroyed by 
endogenous respiration and oxygen 
consumption is increased without a cor- 
responding reduction in BOD. This 
time is a function of the previously 
discussed BOD to solids loading and is 
entirely independent of either the sew- 
age, the mixed liquor, or the aeration 
period. However, a minimum mixed 
liquor period of 30 min or more is 
probably desirable in order to assure 
adequate time for the sludge to absorb 
the BOD from the incoming waste. 

Finally there is the matter of re- 
turn sludge volumes. By custom, we 
express the volume of return sludge 
as a percentage of the sewage flow, but 
it would be more logical to express it as 
a percentage of the mixed liquor flow. 
Activated sludge requires oxygen in 
order to maintain its activity. It can- 
not obtain an adequate supply in a 
final clarifier or when traveling through 
a long return sludge line. Such pe- 
riods must be kept at a minimum. 
However, some time must be allowed 
for the sludge to settle, probably at 
least 30 to 60 min. Therefore, the 
theoretical minimum return sludge 
rate expressed as a percentage of the 
mixed liquor flow would equal the 
volumetric percentage of sludge in a 
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sample of the mixed liquor after it 
had stood quiescently for a similar pe- 
riod of time. Practically, the rate 
should be somewhat greater because of 
the disturbances that take place in the 
clarifiers which do not take place in the 
laboratory. Since this minimum rate 
of return is dependent on the amount 
and settling characteristics of the 
mixed liquor solids, as well as the 
fluctuating flow of incoming sewage, 
and because excessive operating at- 
tendance would be required to con- 
stantly maintain the minimum rate, it 
is much simpler to return at a con- 
siderably higher rate and thus reduce 
operating costs while still avoiding un- 
due retention of the sludge in clarifiers 
and sludge return lines. 

Many small treatment plants operate 
with return sludge rates in excess of 
100 to 150 per cent of the sewage flow 
—that is 50 to 66 per cent of the mixed 
liquor flow. Some larger plants have 
operated with returned sludge rates 
averaging 70 to 85 per cent of the 
sewage flow. This is equivalent to 40 
to 46 per cent of the mixed liquor flow. 

Richard H. Gould, Greeley & Han- 
sen, Engineers, Chicago, Ill.:—While 
I was in New York, we did have quite 
a lot of experience with activated 
sludge covering a period of about 25 
years. During that time we built six 


complete treatment plants using step 
aeration, and three others were built 


for the high-rate process only. Now, 
in the past 20 years, all those plants 
were designed and operated on the 
sludge age theory. 

It was recognized that in 30 min you 
take out practically all the impurities 
and they become attached to the acti- 
vated sludge. It was also recognized 
that it took about 3 to 4 days under 
aerobic conditions for those freshly ab- 
stracted materials to acquire good set- 
tling properties. Now these facts were 
used to develop step aeration, but ap- 
ply equally well to standard activated 
sludge. 

With reference to peak loadings, it 
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has been considered that 30 lb of 
BOD per thousand eubie feet of aera- 
tion tank capacity is a pretty fair 
figure, under standard procedures. It 
is understood from the literature that 
at Austin, Tex., the so-called biosorp- 
tion process has run at 140-lb load- 
ings. It is noted, however, that the 
sludge age was 31% days, and the con- 
tact time of the sewage was 37 min. 
Now, that is about as close as you can 
get to the fourth pass addition in step 
aeration. At Peoria, Ill., even higher 
loadings were reported. But here, in 
addition to re-aeration, Kraus added 
heavy sludge from anaerobie digestion. 
The sludge age, it is believed, was 
from 3 to 4 days. Step aeration has 
worked well at loadings of over 60 lb. 

I agree with Ted Haseltine that 
aeration tank loadings have no sig- 
nificance in themselves unless they are 
related to the process and other plant 
elements. There is no apparent limit 
as far as biology is concerned; there 
are, however, very definite limits in 
the amount of air that can be forced 
into the sewage in a limited area; and 
there are other limitations in plant de- 
sign and other facilities. 

The final settling tanks are just 
as important as the aeration tanks. 
Failure to understand the influence of 
density currents can result in loss of 
capacity in the final tanks and in the 
complete process. 

The less complete process of high- 
rate activated sludge operates under 
low sludge ages of 0.2 to 0.5 days. 
The influence of soluble BOD is of 
great importance. The high-rate proc- 
ess is not as stable as the standard 
process and its control is delicate. Its 
effectiveness on some sewages may be 
limited. 

Clair N. Sawyer, Professor of Sani- 
tary Chemistry, Massachusetts Insti- 
tute of Technology, Cambridge, Mass.: 
—I would like to comment on the ques- 
tion that Ted Haseltine raised in re- 
gard to rate of return sludge. This 
matter of how much sludge you are 
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going to return, ete., is a very in- 
triguing one; and in European practice 
they have perhaps outdone us in this 
respect. I know in some parts of 
Holland they claim a return sludge 
rate of 400 per cent. I don’t know 
the basis of calculation, but I accept 
the 400 per cent. It seems to me we? 
need to do a little thinking here at, 
this particular point. What are you~ 
accomplishing by a high rate of return 
sludge? Fundamentally, of course, you 
are diluting the concentrated waste 
in order to get the substrate level down 
to a point where the bacteria are not 
stimulated to any unusual or unwanted 
degree. That is one way of accom- 
plishing it. Exactly the same thing 
ean be accomplished by bringing the 
sludge back at a normal rate, then 
adding the raw sewage down along 
the first passage of the aerating step 
a little here and there. In this way 
you get the same effect—you keep the 
substrate level down to a point where 
you do not get unusual stimulation of 
these organisms. 

W. W. Mathews, Superintendent, 
Gary Sanitary District, Gary, Ind.: 
—In carrying out a test (described in 
**Treatment of Ammonia Still Wastes 
by the Activated Sludge Process,’’ 
Tris JouRNAL, 24, 2, 164 (Feb. 1952) ) 
at the Gary treatment plant, varying 
rates of return sludge were used with 
increased loadings. As the organic 
load increased from increased amounts 
of still wastes received, the rate of 
return sludge was also increased. Air 
supply and mixed liquor solids con- 
centration were also increased with in- 
ereased loadings. It was discovered 
that, with rates of return in the 30 per 
cent ranges, the DO in the return 
sludge (where it was picked up by the 
return sludge pumps at the secondary 
manholes) might vary from 0.4 to 0.8 
ppm. In the 60 per cent rates of 
return, the DO averaged 2 ppm. 


Through the courtesy of several oper- 
ators, data were obtained on DO of 


return sludge at other plants. The 
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data ranged from zero to 2 ppm DO. 
Rates of return varied from 18 per 
cent to 100 per cent. This last rate 
was not commonly used but returns 
up to 70 per cent at this plant were 
often used. Checking the data it was 
found that, in this group of plants, 
those that returned at rates of 45 per 
cent or higher reported the DO in the 
return sludge at 2 ppm. 

Less air was required at these plants 
to reduce 1 lb of BOD than at those 
plants employing a lower rate of re- 
turn. This seems logical since this is 
an aerobie process. Returning sludge 
at a rate that maintains DO in the 
return sludge tends to maintain 
aerobic conditions at the head of the 
aerators where the greatest oxygen de- 
mand occurs. 

When the Gary plant went into op- 
eration in August 1940 a 25 per cent 
rate of return was used. In about 
two weeks a good floc had developed 
and the final effluent was clear and 
sparkling. In two weeks more the re- 
turn sludge in the secondary manholes 
had developed a foul odor. Septicity 
had developed because the sludge was 
not being removed fast enough from 
the secondary clarifiers. Another re- 
turn sludge pump was put into opera- 
tion, raising the rate of return to about 
33 per cent and the odor disappeared 
after a few days. That showed that a 
higher rate of return was required if 
the return sludge was to be kept fresh. 
Over the years the Gary plant was 
operated with return rate that was 33 
per cent or higher. It was not until 
1951, when the data from the am- 
monia_ still waste experiment was 
analyzed, that the benefits to be derived 
from a high rate of return were under- 
stood. At Gary, with all three return 
sludge pumps operating, it requires 
only 214 min to return sludge from 


the center of eight secondary manholes 
to the center of the entrance end of all 


aerators in service. A research project 
on the. effect of various rates of return 


at different activated sludge plants 
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could develop further information on 
this subject. 

From the Floor:—Il had a little 
experience in this matter in industry 
some time ago. In using the returned 
sludge we could use the same sludge 
and not dilute the mixed liquor to the 
same extent as we were doing before. 
The stimulation of the growth of the 
microorganisms was more active by 
using the returned sludge. The micro- 
organisms were reduced and the sludge 
was better. My point is that we will 
not always gain much by using re- 
turn sludge; on the contrary, we may 
gain something by reducing it some- 
times. 

Professor Sawyer:—I certainly am 
in full agreement with everything Bill 
Mathews has said. I want to say once 
again that the final clarifier and the 
facilities for getting the sludge out of 
the clarifier back into the aeration 
tanks is part of the process. 

Iinn H. Enslow,* Editor, ‘‘Water 
and Sewage Works,’’ New York, N. Y.: 
—There is one item that has not been 
diseussed here, and that is the more 
return sludge put back into the in- 
fluent in the process of diluting the 
sewage, the more you are building up 
a repository of oxygen. That is to 
say, the more water you have in the 
aerators, the greater volume of oxygen 
you are going to reserve for a given 
amount of BOD. I have always thought 
that was a great help. Every time it 
rains on an activated sludge treatment 
plant I notice the plants do a lot 
better. 

Chairman Hatfield :—I think we can 
get along with a lot less volume and 
still return the same number of pounds 
of sludge to the aerator at a much 
lower volume if we have a high con- 
centration of return sludge. I think 
we need to get away from thinking of 
per cent by volume and return the 
sludge like other ingredients—on the 
basis of pounds of sludge returned. 
Then, if you want to think in terms 


* Deceased November 3, 1957. 
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of the volume of water you are going 
to return, you have another factor. 
Personally, | think it is pounds of 
sludge that determines the return. 

E. Sherman Chase, Partner, Metcalf 
and Eddy, Consulting Engineers, Bos- 
ton, Mass.:—There are two factors that 
have not as yet been mentioned. First 
is the temperature factor. Activated 
sludge is a biological process, and or- 
ganisms work according to the tempera- 
ture of their environment. The second 
is a matter of air absorption. Part of 
the air is derived from absorption from 
the air surface. Agitation is another 
factor in the process. 

Professor Sawyer:—Dissolved oxy- 
gen is certainly a fundamental factor 
in this whole thing. We have all been 
running dissolved oxygen determina- 
tions on return sludge. There is one 
thing that has not been mentioned here 
today, and that is a means of control. 
I am thinking of the oxidation reduc- 
tion, which allows you to determine 
what the conditions are when you have 
no dissolved oxygen. <A few people 
have been bringing this to our atten- 
tion; and, as I see it, this is going to 
be one of the big developments in this 
field that can be put on a practical 
operating basis wherein you can con- 
trol the rate of return sludge and 
the rate of air applied to the aeration 
tank. I look forward to a really good 
control in the activated sludge process. 

Mr. Haseltine :—The activated sludge 
process is complicated, but I think 
the matter of return sludge can be 
made quite simple, particularly if you 
will think of it as the percentage of the 
mixed liquor flow rather than the sew- 
age flow. 

If you have 50 per cent sludge in 
a sample at the end of a 30-min 
quiescent period, it means you will have 
to return sludge at 100 per cent of 
the sewage flow, or 50 per cent of the 
mixed liquor flow, or you cannot re- 
turn the sludge to the aeration system 
in 30 min. 

Gould:—The more sludge re- 
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turned, 
through the final tanks, and the greater 
is the problem of their separation and 


more solids cireulate 


removal. If the sludge in the final 
tanks can flow down and out quickly, 
and that can be made to happen in 
30 min or so by utilizing sludge den- 
sity currents, the sludge remains fresh. 
Unnecessarily high rates of sludge re- 
turn limits the capacity of both final 
and aeration tanks. 

In Milwaukee they developed a type 
of mechanism where the flow is verti- 
eal. The sludge is not held too long 
and return rates are moderate. I am 
a strong advocate for relatively low 
return sludge rates, and I see no 
necessity for building them up higher 
than necessary. 


Trickling Filters 


Gordon M. Fair, Professor, Harvard 
University, Cambridge, Mass.:—I1 have 
tried to bring together some ideas on 
loading of trickling filters. Certainly 
we can identify at least two kinds of 
loadings which we must take into ac- 
count in the design and operation of 
trickling filters: (a) the liquid loading, 
and (b) the BOD loading. 

The liquid load is important in the 
hydraulic design and operation of 
trickling filters. It determines the siz- 
ing of the distribution system and the 
collection system. In the past, this 
load has generally been expressed in 
million gallons per acre per day or 
gallons per day per thousand square 
feet. 

I would like to put in a plug for the 
recommendations of the Federation’s 
Subcommittee on Standardization of 
Units (THis JourNaAL, 29, 2, 134; Feb. 
1957). The idea expressed in their 
report which recognizes the liquid load 
as a velocity and recommends the units 
of feet (vertical) per day has much 
to be said for it. The Subcommittee 
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indicates ranges of 5 to 15 1ipd for , 


hydraulic loads (1.5 to 5 mgd/acre or 
37,500 to 112,500 gpd/1,000 sq ft) for 
low-rate filters and 15 to 10 fpd (5 
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to 35 mgd/aere or 112,500 to 750,000 
gpd/1,000 sq ft) for high-rate filters. 
I think that is a very simple concept. 
Each unit depth of filter is washed by 
the same amount of water and, there- 
fore, has the same load impressed upon 
it. 

The liquid loading is easy of con- 
ception, measurement and expression. 
By contrast, the process or BOD load- 
ing of trickling filters, although easy 
of conception, is difficult of measure- 
ment and expression. The Subcommit- 
tee on Standardization of Units recom- 
mends the use of pounds of BOD per 
day (in the waste applied to the filter) 
per thousand cubic feet of filter vol- 
ume. Indicated ranges of BOD are 
5 to 25 lb per 1,000 cfd (220 to 
1,100 lb/day/acre-ft or 0.14 to 0.68 
lb/day/eu yd) for low-rate filters and 
25 to 300 lb per 1,000 efd (1,100 to 
13,000 lb/day/acre-ft or 0.68 to 3.2 
lb/day/eu yd) for high-rate filters. 

The Upper Mississippi River Board 
of Public Health Engineers and Great 
Lakes Board of Public Health Engi- 
neers have set up an upper BOD limit 
of 15 lb per 1,000 efd for low-rate 
filters and draws the distinction be- 
tween loadings of filters at high and 
low latitudes. They take into account 
the problem of temperature. It is far 
more important in trickling filters than 
in the activated sludge process because 
the trickling filter is exposed to the 
air temperatures and, therefore, the 
filter temperature is lowered or raised 
as the case may be. 

Fundamentally, the recommended 
units for BOD loading are inadequate 
expressions of the process load on 
trickling filters because the operation 
is a rate process in which the load im- 
pressed upon a unit volume of the 
filter varies with the location in depth 
of that volume. The load is highest 
in the top layer of contact material 
and lowest in the bottom layer because 
part of the load is removed in the inter- 
vening layers. Loadings as pounds 
of BOD daily per thousand cubic feet, 
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acre-feet, or cubic yard presumed to be 
equal are not actually equal at the 
top level of the filter and the bottom 
level. 

A supplemental statement of the 
depth of the filter is helpful, and that 
was frequently done in the past. Thus 
a loading of 15 1b/1,000 cu ft in a 4- 
ft filter or a loading of 15 lb/eu ft 
in a 10-ft filter were entirely different 
concepts. Accurate comparisons can 
be made, therefore, only between filters 
of equal depth. 

Strictly speaking, the size of the 
contact medium should also be specified 
because the contact opportunity in 
small-grained filters is substantially 
greater than that in large-grained fil- 
ters. In other words, there is a much 
larger area of active medium in a small- 
grained filter than in a large one. 

The process loading of trickling fil- 
ters is simplified in one sense and 
complicated in another by the various 
ways in which effluent is recirculated 
in some filters. The return of effluent 
makes for more uniform loading rela- 
tive to depth because the dilution of 
the influent establishes a smaller dif- 
ferential between the BOD of the ap- 
plied sewage at the surface and the 
bottom of the bed. This is something 
that was not brought out in the dis- 
cussion of activated sludge. It is also 
true that as you increase the circula- 
tion, as you fundamentally do by in- 
creasing the amount of return sludge 
in the activated sludge process, you get 
a more even loading of the tank. There 
are reasons to believe, however, that 
the treatability of sewage which has 
made one or more passages through a 
filter becomes progressively less. Pro- 
fessor Thomas has suggested means for 
taking this factor into account, and 
Dr. Imhoff and I have presented in 
our joint book * a table of values which 
indicates the average number of effec- 
tive passes that correspond to different 


* Imhoff, K., and Fair, G. 
Treatment.’’ 
and Sons, Ine., New York, N. 


M., ‘‘Sewage 
Second Edition, John Wiley 
Y. (1956). 
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hydraulic recirculation factors. A sig- 
nificant observation is that the average 
number of effective passes rapidly 
reaches a maximum (2.8 for a 10 per 
cent decrease in the response to re- 
moval during successive passes). That 
is, one cannot go forward and expect 
improvement all the time. This places 
a limit on the attainable improvement 
in treatment by recirculation. It is 
probably also true in the activated 
sludge process that there is a limit on 
the amount of recirculation that can 
be held effective. The greater the de- 
crease in treatability, the smaller is the 
amount of recirculation that will con- 
tribute effectively to treatment. 

Joseph A. McCarthy, Chief, Law- 
rence Experiment Station, Massachu- 
setts Department of Publie Health, 
Lawrence, Mass.:—As indicated here, 
there are considerable variations in the 
concept of filter loading; thus, it could 
not be expected that all would agree 
on how we shall express the loading. 
I shall devote most of my discussion 
to a possible approach to the reasons 
why certain types of sewage, particu- 
larly sewages contained in industrial 
wastes, appear to have very widely 
marked changes in tolerance. I have 
not included any consideration of rate. 
I have simply taken experimental re- 
sults and determined the maximum 
amount that could be removed by a 
trickling filter, regardless of its effi- 
ciency, if more and more load is added. 
Some of my data represent an approach 
of only 50 per cent; others represent 
95 per cent. 

At the Lawrence (Mass.) experiment 
station, the domestic sewage is quite 
strong. There also is a rather wide 
variety of single-pass trickling filters, 
some of which have been operating 
since 1890. The study was directed to 
the concept: how much removal can 
be obtained under any terms provided 
you keep on increasing the load? We 
found the factor was about 32 1b/1,000 
eu ft of material; that is about 1,400 
lb/aere, or about 0.86 lb/eu yd. This 
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is in a single-pass filter. If the opti- 
mum recirculation is stepped up, it 
was found that the removal could be 
increased only to about 38 Ib, 1,000 eu 
ft. The possible reason is not only the 
diminishing return that Professor 
Thomas has shown, but the fact that 
you are not getting any particular 
amount of toxicity in ordinary domestic 
sewage. Therefore, the increase you 
gain by circulation towards a maxi- 
mum load is probably at least partly 
mechanical. 

When industrial wastes are consid- 
ered, you get an extremely variable 
material. We have been working with 
tannery wastes which have been ¢o- 
agulated by chemical means or by 
carbon dioxide. With an optimum re- 
moval of the calcium and sulfur and 
the best possible pH, the loading on a 
single-pass filter was about 35 Ib/1,000 
ecu ft, almost the same as with the 
domestic sewage. However, since one 
of the factors involved in the treatment 
of tannery waste is toxicity, a loading 
of 150 1b/1,000 eu ft was obtained with 
optimum recireulation, which is a con- 
siderable difference. 

With wool-scouring wastes there is 
an interfering substance no matter how 
well it is treated. There are included 
extremely stable compounds, such as 
the lanolin family. It was found that 
the shut-off value was around 11 lb, or 
about one-third of what can be ex- 
pected with domestic sewage if uncut 
wastes are treated. When as much 
grease and dissolved fats as possible 
are removed, the loading is only 20 
1b/1,000 eu ft. Even with recireula- 
tion not more than a 30 Ib/1,000 eu ft 
loading can be obtained. 

On the other hand, some of the 
chemical wastes produce astonishing 
results. One waste was high in nitro- 
gen and a loading of 50 1b/1,000 eu ft 
on the trickling filter was possible. 
With optimum recireulation, the load- 
ing got up to 155 1b/1,000 eu ft. 
There are a lot more data, but the 


loadings go up and go down, depending 
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pretty much on how inhibitory the 


substances are in the wastes. Pine oils 
in wastes (high in sodium sulfate) give 
maximum loadings of only about 12 Ib, 
probably due to the influence of sulfate 
with formaldehyde. 

At Mansfield, with a_ single-pass 
filter, only about one-half the sewage 
load was obtained. Increasing the re- 
circulation rate beyond the optimum 
yield, up to 10 times, resulted in a 
loading up to 30 Ib; if the rate was 
increased 20 times, it was possible to 
get up to about the same maximum 
loading as was done on sewage. 

These loadings are not intended to 
be significant in themselves. They are 
probably not particularly good guides, 
even in waste treatment, but they are 
significant in that no matter where we 
go now industrial wastes, especially in 
intermittent quantities, are going to be 
part of the problem of the trickling 
filter plant operator. 

Mr. Haseltine :—Mr. McCarthy’s dis- 
cussion was very interesting to me. I 
have the feeling that while we normally 
talk about a volumetric recirculation 
ratio, we should also consider the re- 
circulation of BOD. In a municipal 
sewage treatment plant, the recycled 
BOD is relatively low and so of little 
significance, but in industrial wastes, 
with a much stronger concentration of 
BOD, you may get a big build-up in 
recycled BOD, which tends to reduce 
the efficiency of the filter. 

Professor Sawyer:—I certainly was 
interested to hear Mr. McCarthy men- 
tion the importance of the nature of 
the substrate with which you are deal- 
ing. It is a matter of biological as- 
similability. You might say, it is how 
well the organisms love the food or 
how many points of attack the food 
material has. 

J. Henry L. Giles, Deputy Director, 
Public Works Department, Hartford, 
Conn.:—I do not know to what extent 
the standard-rate filter is being built 
that is, the low-rate filters. 
Most of those that I have seen are 


today ; 
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high-rate filters. For those who have 
the low-rate filters, we have had some 
rather interesting experiences in Con- 
necticut, primarily at state institutions 
where we have strong laundry wastes. 
The flow variations were excessive; 
they range in ratio from 1 to 10, more 
or less, between the low-flow rate at 
night and the peak flows when the 
laundry wastes were being received. 
In other words, to maintain the maxi- 
mum efficiency of these filters it was 


necessary to install a_ recirculation 
pump to keep the filter moist. Even 
with mechanical distributors, there 


just was not enough water during low 
flows to maintain the best growth on 
the stone. Much higher BOD removal 
was noted during the 4-hr peak flow 
periods than when the filters tended 
to dry out. By maintaining high rates 
of recirculation at times of low flow a 
green condition was maintained over 
the stone and the over-all BOD and 
solids removals were far in excess of 


what had been obtained without re- 
circulation. 
Mr. Enslow:—We_ were talking 


about frequency of application to the 
trickling filter, or dilution. Was there 
some consideration given in the stand- 
ards to whether or not the filter is of 
the old siphon application or of the 
more continuous application ? 

Professor Fair:—There is no differ- 
entiation in the actual loading value, 
and I do not see how it could be made 
except by adding the recirculation 
factor to the loading. Undoubtedly, 
what the recirculation does is to iron 
out the loading on the filters, making 
the loading more significant. It has 
made the present method of expression 
of loading a more significant factor 
than it has been in the past. 


George <A. Prince, Chief, Public 


Health Engineering Section, Colorado 
State Dept. of Public Health, Denver, 
Colo.:—Pertaining to hydraulie load- 
ings, I am wondering if there is any 
magic to the gallons per acre per day 
rate, t.e. the 4-mgd/acre and 10-mgd/ 
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acre rates? Is there an intermediate 
rate that would be suitable; and if 
not, why not? 

Mr. McCarthy:—We have had some 
experience with intermediate rates. 
Purely on hydraulic loading we have 
found, everything else being equal, 
that at rates of 4 or 5 mgd/acre you 
get a rather steady drop in efficiency. 
Apparently, at times you ean find a 
minimum efficiency spot somewhere 
between 8 and 12 mgd/acre, whatever 
it happens to be for that particular 


substrate. After that you get better 
efficiency. As far as magie goes, I do 
not think there is anything sacred 


about the rates. 

Professor Fair:—A very important 
factor in the design of trickling filters 
is to understand that a trickling filter 
is not merely a hydraulie mechanism ; 
it is a pneumatie mechanism. It must 
pass air downward or upward through 
the filter. If a filter has been built 
to a certain rate of application and 
then shifted to a higher rate, unless 
the underdrainage system is modified 
at the same time so there is an ade- 
quate passage of air through the filter, 
trouble will ensue. This is clearly 
demonstrated at Stuttgart, Germany, 
where a great deal of experimentation 
of trickling filters was carried on in 
which the heavy loadings resulted in 
overloading of the underdrains. The 
whole filters went septic, as one would 
expect. 

Jack E. McKee, Professor of Sani- 
tary Engineering, California Institute 
of Technology, Pasadena, Calif.:—I 
would like Professor Fair or Mr. Me- 
Carthy to say a few words about the 
nitrogen in relation to trickling filter 
operation. 

Mr. McCarthy :—Many times we have 
studied the nitrogen cycle to find out 
what happens, what form the nitrogen 
gets into, and what form it goes out 
as. I think it is a function of two 
things: one is the development of the 
filter, and the other is the hydraulic 
rate of passage. One of the reasons 
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I think intermediate-range _ filters 
and even some very high-rate filters do 
not do any good is the fact that the 
nitrogen does not know what to do 
with itself. In the intermediate range, 
apparently, it goes rapidly back and 
forth from oxidized to reduced. It 
upsets everything. While there is nitro- 
gen present, the waste does not seem 
to be available in the proper propor- 
tions to the BOD loading. Probably 
there are not any good answers. 

Mr. Giles :—One of the things which 
has not been mentioned, which I think 
is extremely important, is the size of 
filter stone. The general experience 
we have had in Connecticut is that the 
2-in. or even 114-in. stone gives a much 
better effluent at extremely high rates 
of dosage. 

Charles Saunders, Superintendent- 
Engineer, Linden-Roselle Sewerage 
Authority, Linden, N. J.:—I would 
like to comment on this effective stone 
size. At the sewage treatment plants 
serving the New York Thruway service 
centers there are about three flow peaks 
per day and for about 2 hr during the 
rest of the day, there is practically 
no flow. We have found that at the 
treatment plants where the stone size 
is between 3 and 4 in. there is no 
trouble with filter ponding, ete. At 
the plants where the smaller-sized 
stone is used, we are having continuous 
trouble. 

From the Floor:—l1 believe that the 
loading per cubie volume is not sig- 
nificant. In other words, loading per 
square foot up to certain limits does 
not vary the per cent reduction of 
BOD. 

Professor Fair :—I would be satisfied 
with loading per acre or per square 
foot in a filter of such and such depth. 
That would be as informative as any- 
thing you could have rather than load- 
ing per cubic foot or yard or per 
thousand cubic feet. 

I would like to ask a question of the 
group. It is whether anyone has had 
any experience with the step loading 
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of trickling filters; it is something that 
looks promising on the surface and is 
actually analogous, of course, to the 
step loading of activated sludge units. 
Personally, I do not eall it step load- 
ing, I call it load distribution; but it 
acts the same way whatever it may be 
called. 

Mr. Enslow:—What do you mean? 
How do you apply step loading? 

Professor Fair:—This was a new 
idea which was propounded in the pro- 
ceedings of the American Society of 
Civil Engineers * by Professor Ingram 
of New York University in which sew- 
age is brought in at various levels of 
the filter in the same way sewage was 
brought in at various points along the 
aeration tanks in the activated sludge 
unit. I believe there is at least one place 
where a 10-ft filter or a 30-ft filter 
has been used. 

From the Floor:—I had reason just 
last week to go over some of Professor 
Ingram’s data at his request, and I 
happen to remember some of the values, 
although I do not have them exactly. 
In his pilot-plant work he was working 
with an 18-ft filter, broken down into 
six sections of 3-ft depth each. There 
is an air interchange in each section. 
The first step was loaded with a certain 
quantity of raw material. The effluent 
that dropped directly from that step 
was loaded with a second step of raw 
material to build it up to about the 
average loading, or maybe a little bit 
above the average loading, and applied 
as the second step. The third was 
loaded with more raw material to bring 
it up to an average loading. 

Professor Ingram found that in the 
9 ft of depth he could get efficiencies 
way up. With the additional food load- 
ing beyond the 9 ft, however, he found 
he had to get into the nitrification 
stage, where he was not putting any 
more feed in. 


*Ingram, W. T., 
Trickling Filter Design.’’ 


‘*A New Approach to 
Proc. Amer. Soc. 
Civil Engrs., San. Eng. Div., 82, SA3, 999 


(June 1956). 
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In analyzing the data for the entire 
18 ft of depth, the loading ran some- 
thing like 5,000 to 6,000 lb/acre-ft. 
On that basis there was an 80 per cent 
BOD reduetion through the filter alone, 
without use of a clarifier. In analyz- 
ing the first 12 ft of depth, the loading 
went up to something in the range 
of 10,000 lb/acre-ft, with about a 
73 per cent reduction of BOD, not 
including clarification. That is step 
feeding. 

I think you will find it very en- 
lightening. We are waiting to see what 
the data are going to be for larger in- 
stallations where I think we will get 
some real results. (Editor’s Note— 
Dr. Ingram was not in attendance at 
the meeting. ) 


Stabilization Ponds 


Professor H. B. Gotaas, Dean of En- 
gineering, Northwestern University, 
Evanston, Ill.:—For the last few years 
while we have been working on these 
oxidation ponds we have continually 
tried to use the name stabilization 
pond, which we believe to be the best 
name. 

[ shall briefly go over the factors 
that affect the operation of a stabiliza- 
tion pond of an aerobic type. There 
are stabilization ponds of anaerobic 
character; that is, if you empty large 
amounts of sewage (organic matter) 
into a pond and let it decompose an- 
aerobically you would get stabilization. 
You would also have nuisance prob- 
lems. I will limit my comments to 
the type of stabilization pond which 
ean be maintained aerobically, at least 
most of the time. 

Aerobic stabilization ponds ean ob- 
tain their oxygen from two main 
sources: (a) atmospheric reaeration 
and (b) photosynthesis. Atmospheric 
reaeration will usually provide not 
more than 10 to 20 Ib of oxygen per 
acre per day, whereas photosynthetic 
oxygen may provide 250 lb per day/ 
acre under proper light conditions. 
Hence, the most effective operation of 
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the stabilization pond ean be obtained 
when there is a maximum photosyn- 
thesis or a maximum algae concentra- 
tion to provide the oxygen. 

There are certain variable factors in 
ponds that cannot be controlled: (a) 
the amount of visible light; (b) the 
temperature ; and (c) the wind factors. 
The controllable factors in the opera- 
tion and design of a stabilization pond 
are: (a) loading, in pounds per acre 
per day; (b) depth; (ce) detention 
period; (d) recirculation; (e) load 
distribution; and (f) pond operation, 
either in series or parallel. Some of 
these variables are interdependent. 
For example, the loading is related to 
the strength of the waste as well as 
to the depth and detention period of 
the pond. Algae concentration is re- 
lated to the amount of sunlight and the 
amount of nutrients. Since the quan- 


tity of nutrients is dependent on the 
loading, the algae concentration is also 
affected by depth and detention period. 


The depth and detention period can 
be varied to meet the conditions of 
sewage, strength, and available light 
for photosynthesis. The depth-deten- 
tion period ratio (d/D, d in feet and 
D in days) may have to be down as 
low as 1 to 2 in the winter when the 
pond has no ice cover, and may be as 
high as 5 to 6 in the summer. Shallow 
depths will give a higher algae con- 
centration; but in using shallow 
depths, the algae concentration must 
be high enough to prevent light pene- 
tration to the bottom of the pond. 
Otherwise, there will be undesirable 
weed growths. If a high enough algae 
concentration can be maintained to pre- 
vent light concentration at the pond 
bottom, then there will not be much 
bother with weeds. I would like to 
emphasize that oxygen production is a 
function of the algae concentration 
and the amount of light. 

Another operating factor is recircu- 
lation. It is important in the operation 
of a pond to add oxygen and algal 
seed at the influent end of the pond. 


1957 OPERATORS’ FORUM 


699 


Otherwise, a septic anaerobic condition 
will develop at the entrance of the 
pond. Recirculation from 0.2 to 1% 
pond volumes times, depending on the 
strength of the sewage, is desirable. 

Load distribution is very similar in 
a stabilization pond to the load dis- 
tribution in activated sludge or in 
trickling filters. In the stabilization 
pond, if all of the sewage is introduced 
in one place, there develops flocculation 
and settling of solids and, in turn, 
local anaerobic conditions due to the 
accumulated sludge on the pond bot- 
tom. It is my feeling that the most 
efficient operation will obtain when the 
incoming sewage, with the recircula- 
tion added, is distributed over the first 
half to two-thirds of the pond. In 
other words, let the flocculated solids 
settle to the bottom. There will be a 
thin layer over the first two-thirds of 
the pond. That is practically the same 
as loading an activated sludge process 
at intervals along the aeration tank. 

Temperature affects the rate of bac- 
terial activity and the rate of algae 
growth. In the case of most of the 
common green algae that grow in the 
ponds, an optimum growth tempera- 
ture is from 20° to 25°C. 

The temperature of the water can 
be partially controlled by varying the 
depth of the pond and the detention 
period. If the water temperature gets 
too high, metabolism of the algae will 
be reduced, and the growth of the 
algae will be reduced. Likewise, in 
the wintertime, if the pond freezes 
over, the algae production will be low- 
ered, and the amount of oxygen pro- 
duced will be very small. 

The next factor for consideration is 
series ponds versus parallel ponds. 
There is a great disadvantage to op- 
erating ponds in series unless the first 
pond is operated as a septic anaerobic 
pond. If this is done, then a good 
deal of the BOD material can be taken 
out in the first pond and the second 
pond can be used as an aerobic pond to 
stabilize the remaining BOD and turn 
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out an effluent with 
solved oxygen. 
sired to 


considerable dis- 
However, if it is de- 
maintain aerobie conditions 
throughout, it is a disadvantage to op- 
erate ponds in series. 

There is the problem of  pred- 
atory zooplankton in the stabilization 
ponds. These predators are organisms 
such as rotifers, cyclops, cladacera, ete. 
They will eat the algae, and I have seen 
a few ponds in which the algae concen- 
tration is reduced with detrimental ef- 
fects. The ponds operate on a 
efficient basis when the algae are eaten 
up by the zooplankton which develop 
with long detention periods. Too long 
detention periods and too shallow 
depths also provide conditions leading 
to the development of high pH. The 
algae will reduce the alkalinity in the 
water by taking carbon dioxide from 
the bicarbonates, thus raising the pH. 
Bacteriological oxidation is inhibited 
at pH values above 9.5 which readily 
occur when excessive light produces 
large algal growth. 

Finally | want to emphasize that to 
produce photosynthetically, 
light is a very important factor; and 
the depth-detention period ratio be- 
tween winter and summer (except near 
the equator) will have to vary widely. 

W. W. Towne, Sanitary Engineer, 
Robert A. Taft Sanitary Engineering 
Center, USPHS, Cincinnati, Ohio. :— 
I think Professor Gotaas has covered 
very well the factors requiring consid- 
eration in the design of sewage stabili- 
zation ponds. The Public Health Serv- 
ice has been involved in studies of raw 
sewage stabilization ponds since 1950. 
Studies and observations were made on 
some of the first raw sewage ponds in 
North Dakota. These studies have been 
carried on within the limits of re- 
sources, and the results of an experi- 
ment at Kearney, Nebr., have been re- 
ported (THis JourNaL, 29, 4, 377; 
Apr. 1957). During 1955 and 1956 
the Public Health and the 
state of North Dakota joined in a co- 


less 


oxygen 


Service 


operative study of ponds in those two 
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states and some of this work was re- 
ported at the Los Angeles Meeting. 
The study is now complete, and the 
report is available. 

Studies are continuing on what | 
would eall large-scale pilot-plant in- 
stallations at two locations, Fayette, 
Mo., and Lebanon, Ohio. The Missouri 
studies were started almost a year ago. 
I would like to emphasize that the 
work of the Public Health Service has 
been confined to studies of full-scale 
installations treating raw sewage. The 
primary purpose of these installations 
is to provide a low-cost, adequate and 
simple method of sewage treatment. In 
connection with cost, parenthetically, I 
might say that in the Dakotas the costs 
range from around $4.50 per capita to 
about $38 per capita. 

Briefly, our findings based on the 
Dakota studies and observations may 
be summarized as follows—properly de- 
signed and operated stabilization ponds 
are providing a degree of purification 
comparable to that obtained by conven- 
tional treatment processes. Like other 
treatment devices they have advantages 
and disadvantages and should not be 
considered a panacea for all sewage 
treatment needs. However, they may 
be used with a reasonable degree of 
success under appropriate conditions. 

I do not think all of the answers 
have been obtained by any means. The 
Public Health has worked 
closely with the University of Texas 
and the University of California, where 
the theoretical basic studies have been 
carried on. We are trying to apply 
the theories to field operation. As 
Professor Gotaas pointed out, it has 
been found that while a depth of 2 ft 
might be the most efficient depth from 
the standpoint of the oxygen produc- 
tion, it may be necessary to use a 
greater depth to preclude aquatic veg- 
etation growth at the bottom of the 
pond. 


Service 


In those areas where mosquito propa- 
gation is a particular problem and a 
potential health danger, as well as a 
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itisance problem, we have found that 
pond depths ranging from 3 to 3% ft 
effective in 
growth to a minimum. In observations 
on mosquito propagation, it was gen- 
erally found that the mosquito growth 
is confined to those ponds that have 


are quite keeping weed 


protected areas where there is emergent 
vegetation along the shoreline or in the 
There have recent 
reports of mosquito infestation in 
ponds having no apparent protective 


pond been some 


areas caused by vegetation. This is an 


operational problem that may be par- 


ticularly important in the southern 
states, 
I would like to point out from a 


practical standpoint what we think 
should be some of the future areas of 
study on stabilization 
More specific loading limits are needed 
ditferent The work at 
California limits for maxi- 
In designing a treat- 


sewage ponds. 


for climates. 
has given 

mum efficiency. 
ment unit for application in the states 
in which they are being used exten- 
sively, we are willing to sacrifice some 
efficiency in area for simplicity in op- 
eration and maintenance. Therefore, 
1 think what 
the maximum amount of oxygen that 
can be produced, but the maximum 
loading that can be placed in a pond 
and still maintain 
under minimum light 


is needed is not so much 


conditions 
for that 


aerobic 
values 
particular area. 

More information is also needed on 
the practical optimum operating depth. 
Reports received to date on this subject 
conflicting. study is 
needed on the methods of achieving 
efficiency of depth in an area at differ- 
Other areas of study in- 
methods to low 
There are cases where it is 
the the 
Another area is the eco- 


are rather 


ent 


seasons. 
clude obtain a algae 
effluent. 
desirable to 
pond effluent. 
feasible means of sealing 


Unsat isfactory bottom 


reduce algae in 


nomic and 
pond bottoms. 
conditions have precluded the use of 
some areas. 


stabilization ponds in 


There is always a need to study meth- 
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ods of inhibiting excessive evaporation, 
and to further consideration to 
odor critical 
During certain critical seasons, there 


vive 


control during seasons. 


may be one or two weeks in’ which 
anaerobic septic conditions are ap- 
proached. All the other seasons of the 


year will support an aerobic environ- 
ment. Inthe Kansas City area, success- 
ful odor 
achieved by 


coutrol ponds been 
the addition of nitrate 
during the short critical periods. And 
then further study is needed to im- 
prove methods of control that 
will be compatible with the operation 


Insect 


of algae-laden ponds. 
E.R. Hermann, Industrial Hygiene 


Engineer, Medical Division, Humble 
Oil & Refining Company, Baytown, 
Ter.:—| have done about three years 


stabilization 
ponds, including experimental work in 
the laboratory, field work on pilot 
plants, and a statistical analysis of data 


of research on waste 


collected on some 188 ponds in com- 
munities in Waste stabiliza- 
tion ponds run the whole gamut of 
biological commensal systems, at least 

There are 
ponds that 
operate heavily on the algal side in 
which through photosynthesis, 
provide nearly all of the oxygen for 
satisfying the biochemical oxygen de- 
mand. 


Texas. 


of the algal-bacterial types. 


some waste stabilization 


algae, 


BOD is stored in such a system 
as algal cell material and must be re- 
moved to avoid future exertion of the 
BOD at an inopportune time or place. 
At the other extreme, there are ponds 
in Which nearly all of the oxidative 
processes are accomplished by bacteria, 
a large proportion of the required oxy- 
gen being provided from chemically 
combined sources as in anaerobic diges- 
tion. In the latter type of pond the 
supply of light energy is not too im- 
portant, 

While pond area is the proper cri- 
terion for the design of stabilization 
ponds with a lot of algae, temperature 
is most 


important in the design of 


stabilization ponds operating largely 
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Algae in this 
system, however, are important in that 
they the liberated carbon di- 
avoid septic conditions. 


in the bacterial phase. 


use up 
oxide to 
Septicity and anaerobic digestion are 
not synonymous. 

As I indicated yesterday on the re- 
search symposium, a particular type 
of pond operating on an_ aerobic- 
anaerobic daily cycle can be designed 
with temperature as the 
trolling factor. As a result we 
accomplish all of the sewage treatment 


major con- 
may 


processes customarily provided by com- 
plete treatment plants of the trickling 
filter or activated sludge type, inelud- 
ing primary sedimentation and sludge 
digestion, all in one continuous process 
using the simplest of reaction vessels 

Such stabilization de- 
vices can be designed and constructed 


ponds. waste 
for about one-third the cost of present 
complete treatment plants and oper- 
ated at about one-half the cost. 

I think this type of treatment de- 
serves a lot more attention than it has 
gotten in the past, especially for small 
installations in warm climates. 

Profe ssor McKee: 
has indicated he does not favor ponds 


Professor Gotaas 
in series and that when the detention 
period is long, too much carbon dioxide 
will build up and the number of algae 
will decrease. Mr. Towne has indicated 
that some of the problems with oxida- 
tion ponds are concerned with algae 
and air. Putting all 
vether, | would like to ask what con- 
sideration has been given to ponds in 


these things to- 


series, letting the zooplankton build up 
in the last pond and with fish in the 
pond to feed on the zooplankton. 

Mr. Towne : 


course. 


This is a possibility, of 
Some work has been done in 
Scandinavia on ponds in series where 
they did just that. 
Profe ssor McKee 
it rather extensively. 
Mr. Towne:—Very 


would like to mention one point con- 


The Germans do 
extensively. 


cerning multiple inlets and the even 


distribution of the sewage. We have 
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found that the wind is a good distrib- 
utor. With a single inlet, the wind 
the well distributed 
throughout the pond, and with raw 
sewage the wind has an important ef- 
fect. 
hvdraulie distribution is much more im- 


keeps solids 


Under quiescent conditions, the 


portant than it is in the areas where we 
vet a good mixing and complete dis- 
tribution by wind action. When we 
sampled 50 or 75 ft from the 
inlet, the biological, and 
physical essentially the 


away 
chemieal, 

results were 

same as in the far corner of the pond. 

There was complete diffusion by wind 

action, 

With 


the ponds in series, there is nothing 


Professor Gotaas: regard to 
wrong with putting ponds in series; 
it is a matter of economic use of the 
land. If you want more area and more 
pond volume, then ponds in series can 
be fine; but vou do not get the most 
efficient use. If vou are voing to decide 
on the basis of area and volume, then 
you will get greatest aerobie oxidation 
of the waste in the parallel ponds. 
Mr. Enslow:—Il am interested in the 


effect of the algae on the pH. I would 


like to know what happens and what 
is done with it after it happens. 
Professor Gotaas: 


In the pond op- 
light conditions, 
for instance, in the summertime, and a 
high algae concentration, it is not un- 
common to raise the pH up to 10.5. 
I have seen the pH go up to as high as 
it, adjust themselves to 
that pll; bacteria do not. So what 
happens if you allow the algae to get 
the pH too high is that the bacterial 
decomposition of organic matter is in- 


erating under good 


algae 


hibited but the algae will go on grow- 
ing as long as food is available. 

John W. Wakefield, Chief, Sewage 
and Industrial Wastes Section, Florida 
State Board of Health, Jacksonville, 
Fla.: In Florida we 
about insect production. 


are concerned 

We are not 
only concerned with mosquito produe- 
tion, but we also have an insect called 


the blind mosquito. They are midges. 
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They grow in the bottom of some of the 
lakes which are receiving treated sew- 
age, not Apparently the 
nutrients from sanitary wastes are be- 
ing charged with the responsibility for 
these midges. I want to know if any- 
one has had any experience with this 
in oxidation ponds, 

Professor Sawyer:—I am not sure 
what the midge is that Mr. Wakefield 
is talking about. If it is the May fly 
or some similar one, they, of course, 
derive from the larvae which live in 
the bottom sediment. So | presume in 
this case he is dealing with these bot- 
tom organisms which hatch periodically 
and go into the flying stage and cause 
trouble. It is not only in smaller ponds 
where vou have this trouble, but you 
have it along the Mississippi River. 

Sol Pincus, Consulting Engineer, 
New York, N. Y.:—We had an experi- 
ence with midges during the World 
Fair in 1939. There was a period at 
one time when it seemed as though the 
fair would not get underway because 
of the enormous production of midges 
due to the creation of two ponds in the 
fair grounds and the fertilization of 
the with nitrates at the same 
time. It got very bad. We managed 
to control them, primarily through the 
arsenic compounds. It was 
quite an expensive operation. I was 
wondering about the use of larvicides 
for the midge or for the mosquito, and 
whether chemical weed killers 
could be used without interfering with 
algae production in the stabilization 
ponds. 

Theodore Jaffe, Professor of Civil 
Engineering, Alabama Polytechnic In- 
stitute,, Auburn, Ala.:—I have heard 
two different views expressed here on 
the effect of sunlight and pond tem- 
perature on stabilization. Is sunlight 
of any consequence or not? 

Professor Gotaas:—There is nothing 
wrong with operating a pond in the 
In that 
the temperature is the major factor; 


raw sewage. 


area 


use of 


also 


purely bacterial phase. case, 


but where is vour oxygen coming from? 
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You can get up to 10 or 15 ppm of dis- 
solved oxygen per acre per day by 
aeration from the atmosphere, depend- 
ing upon the initial oxygen saturation 
of the water. If you load any more 
than that, then you are either going to 
have anaerobic conditions and the sta- 
bilization has to take place anaerobi- 
cally, or else you have to get oxygen 
from somewhere else. If you get oxy- 
gen photosynthetically, then light is 
the important factor, plus the photo- 
synthetic efficiency of the algae. It 
boils down to this. It is possible to 
have a pond that is right on the border- 
line where considerable anaerobic de- 
composition is taking place in the bot- 
tom, and where there are enough algae 
growing on top to produce enough 
oxygen so that the odors are inhibited. 
When you operate a pond on_ that 
basis and get cloudy weather and vari- 
ations in the loading, you are flirting 
with anaerobic odorous conditions. To 
me it is just a basie prineiple that 
if you are going to have aerobic 
conditions, you have to have oxygen 
some place. With photosynthesis you 
must consider the light. In the case of 
two ponds in Norway, they are aerating 
ponds. They the oxygen 
problem by mechanical aeration, 

Dr. Hermann:—In fundamental 
principles | believe Dr. Gotaas and 1 
are in agreement; however, it should 
be clear by now that in application we 
are talking about two different types 
of algal-bacterial commensal systems. 


overcome 


Dr. Gotaas has discussed and appar- 
ently advocates the use of an algae 
culture as a sewage treatment device 
in which photosynthetic oxygenation 
supplies most of the oxygen for satisfy- 
ing BOD, and from which algal cell 
material may be recovered for use as 


feed or fuel. I, on the other hand, am 
talking about diurnally cycling 
aerobic-anaerobie pond in which mod- 
erately aerobic conditions are attained 
during the daytime and alkaline an- 
conditions take 


Thus the processes of 


aerobic (not septic) 


over at night. 
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primary sedimentation, aerobie liquid 


waste stabilization, and anaerobic 
sludge digestion are combined into one 
Although algae are not pres- 


ent in large numbers in a system such 


system. 


as this and are not used to concentrate 
waste substances through protoplasmic 
synthesis, they play an important role 
in providing dissolved oxygen, main- 
taining the pH on the alkaline side, and 
keeping the ORP at a desirable level. 
As in the biological systems of trickling 
filters and sludge digesters, chemically 
combined oxygen is transferred to 
satisfy a lot of the BOD. 

feel that Dr. 
Gotaas’ algae ponds and my algal- 


reasonably sure 
bacterial stabilization ponds will both 
find 
treating waste waters. 


growing acceptance as means of 
Relative popu- 
larity of the two methods will depend 
upon economic considerations. For a 
given community with its own particu- 
lar problems, will it be better to harvest 
and algal cell 
offset treatment will 
it be cheaper to limit the growth of 
organic solids and eliminate the prob- 
lems of 


market substances to 


sewave eosts or 


algae 


separation and drying 


at the expense of mineralizing the 
plant effluent? 
neers will have to supply the answer. 

Ralph 
neer, New 


White 


The practicing engi- 


Nweeney, Sanitary Engi- 
York Ntate Health Depart- 
Plains, N. Y.: 


was just 


ment, This type 
of treatment 


Norway. 


mentioned for 
This indicates its application 
in northern climates. When you think 
of northern climates in the wintertime, 
you immediately think of ice; and no 
one has made any reference to that. 
Professor - Stabilization 
satisfactorily 
There is very 


Gotaas: 
ponds do not operate 
when covered with ice. 
little 


aeration. 


photosynthesis or atmospheric 
Fortunately, bacteriological 
decomposition is also inhibited by the 
low temperature. Under conditions of 
ice cover the sewage solids settle to the 
bottom to be decomposed when tem- 
peratures rise. This places an exces- 


sive load on the pond in the spring. 
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Mr. Towne:—The ponds in the Da- 
kotas have stayed aerobic depending on 
the nature and thickness of the ice, up 
to4to8in. When the ice gets thicker, 
The criti- 
transition 
water when 
anaerobic to aerobic 


the ponds do go anaerobic. 
cal period is the 
open 


during 
from ice cover to 
they go from 
conditions. In the Dakotas low loading 
levels have been maintained to reduce 
the period of transition to a minimum. 
From experience it has been found that 
if the BOD load is kept to 15 to 40 Ib 
per acre, there is a minimum period 
of transition from anaerobic 
There is, there- 
fore, a minimum production of odor. 
| think the question was asked whether 
you Can 


without 


in 
to aerobic conditions. 


killers and insecti- 
affecting the algae. I 
would prefer that a biologist speak on 
that point. 


use weed 


cides 


Chairman 


Hatfield:—It would de- 
pend on the material and whether the 
particular weed killer 
You would have to 
particular weed killer. 

From the Floor: 
to conduct some experiments on the 
toxicity of 


weed 


toxie to 
test the 


Was 


algae, 
We are planning 


various insecticides 


killers to 


and 
algae. As far as I 
know, our biologists feel that DDT will 
not seriously affect the population. 
Donald C. Kalda, Chief, Water Pol- 
Control South Dakota 
Department of Health, Pierre, S. D.: 
| might concerning a court 
case we went through a year ago. It 
so happened that the only available 
area was less than 500 ft from a resi- 
dence and close to the highway. . The 
property owner brought suit. It was 
decided the city had every right to 
place the pond on this site on the 
basis of the technical data presented 
on the operation of stabilization ponds. 
There are 


lution Nection, 


comment 


some reasons, however, 
why we would like to get these ponds 
a reasonable distance from the city. 
Some people have the idea that they 
are undesirable and create a nuisance 


condition. In South Dakota, of course, 
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We are quite enthusiastic about the con- 
struction of these facilities, probably 
because we have so many small towns. 
These ponds have made sewers and 
sewage treatment possible in many of 
the towns which could not otherwise 
have afforded them. 

We have had several installations 
treating milk and meat wastes in op- 
eration for several years, and they have 
proven quite satisfactory. We keep 
the BOD loadings down to 15 to 20 Ib 
per day /aere, 

Mr. Enslow:—llas there been any 
objection to the green color the effluent 
vives to a stream? 

Professor Gotaas:—The effluent is 
ereen in those ponds that I know of in 
California where they had considerable 
algae growth. I do not know of any 
objection. By the time the effluent is 
dispersed in the stream, the dilution is 


Special Drop-Shafts 

Vertical drop-shafts to interceptors 
located 8O to 100 ft below the ground 
surface have received special study in 
connection with the design and = con- 
struction of the interceptor system to 
serve the Allegheny County Sanitary 
Authority (Pittsburgh, Pa.). The in- 
terceptor will flow under pressure; ac- 
cordingly, model studies were made of 
the gravity flow in a vertical pipe line, 
horizontal flow of air and water under 
pressure, and the upward flow of air 
opposed to the downward flow of water 
in vertical pipe lines. 

As a result of the studies, the vertical 
drop-shafts are being designed so that 
the sewage flows down in a spiral path. 
Shaft sizes vary from & to 36 in. and 
the maximum flow in any shaft is 46 
mgd. Certain drop-shafts serve as air 
vents and also separate air vents are 
provided to permit the escape of air 
drawn into the sewage through flow in 
the drop-shafts. 


TIPS AND QUIPS 


TIPS AND QUIPS 


705 


usually such that the higher concentra- 
tion of algae is not particularly notice- 
able. 


If vou are emptying these algae into 
a stream, some nutrients will be pres- 
ent and the algae will continue to 
grow. This does not seem to create 
an adverse condition and the algae do 
not produce a serious problem by con- 
tinuing to live, in faet they will add 
oxygen to thestream. However, if they 
are detained for a-long period under 
very adverse conditions, they will 
eventually die and reintroduce an oxy- 
gen demand. We carried on some 
experiments over a period of months 
where we kept the algae from the 
oxidation pond and had a high concen- 
tration under very adverse conditions 
and found we had no problem with the 
algae dying off and creating nui- 


Sahce. 


Accidental Death Decrease 


Accidents took an estimated total of 
about 94,000 lives in the United States 
during 1957, or somewhat fewer than 
in 1956. It was the first time in three 
years that the number of fatally in- 
jured showed a reduction. Accidents 
arising out of and in the course of em- 
ployment were responsible for about 
14.500 deaths in 1957. Continuous at- 
tention to safety will avoid the addi- 
tion of sewage treatment plant. acci- 
dents to the above statistics. 


Everyone has his good days and bad 
days. Many suggestions have been 
made on how to ‘‘climb out of the 
Public opinion polls report 
that, as a tonie for the blues the 
average person turns to entertain- 
ment, religion, or to oceupational 


therapy, otherwise known as just plain 
hard work. 
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Pesticide Problems 


Since in present day complex living 
the solution to one problem frequently 
another, the alert operator 
should be aware of some precautionary 


leads to 


measures about the use of pesticides 
and related chemicals. 

Animals and fish may be killed by 
contact with certain insecticides. They 
may also die as a result of eating other 
insects, fish, or animals that have been 
poisoned, As an example, control op- 
erations against malaria mosquitoes on 
the island of Cyprus were successful, 
but they also destroyed most or all 
other species of aquatic invertebrates 
and all native fresh-water fish. Many 
instances of the inadvertent killing of 
fish and other wildlife continually be- 
come known. 

As a 
TDE, 


cent 


veneral 
BHC 


Yalliina 


rule, methoxychlor, 
containing 12 to 14 per 
isomer), and malathion, 
are less harmful to birds and mammals 
than is DDT. Toxaphene and Chlor- 
dane similar to DDT in effect. 
More lethal than DDT are lindane, 
heptachlor, aldrin, endrin, dieldrin, 
EPN, parathion, methyl 
parathion, TEPP, diazinon, guthion, 
phosdrin, and thimet. 

The order of susceptibility 
what different for fish. In 
TDE, BHC, methyl 
TEPP are than 


are 


demeton, 


is some- 
general, 
parathion, 


DDT. 


and 


safer Chlor- 


dane, methoxychlor, and DDT have ap- 
proximately the same toxicity. 


Fish 
are more severely affected by endrin, 
dieldrin, toxaphene, lindane, aldrin, 
and malathion than by DDT. The ef- 
fect of parathion depends on several 
factors; it is sometimes less and some- 
times more toxic than DDT. 

Little or no information is available 
on the hazards to wildlife and fish of 
most other new insecticides. 

Considerable detailed information, 
as well as recommendations for the 
safe use of the various pesticides and 
other related chemicals, are contained 
in ‘‘ Pesticides and Wildlife,’’ by L. F. 
Stickel and P. F. Springer, Wildlife 
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Leaflet 392, Fish and Wildlife Service, 
U. S. Department of the Interior, 
Washington 25, D. C. 


Sewer Leakage Tests 


Information from 38 cities and sani- 
tary districts in the Pacific Northwest, 
where infiltration and exfiltration tests 
have conducted, 
mendous inflow 


reveals a_ tre- 
into existing and old 
Roughly one-third of the in- 
filtration tests exceeded allowable lim- 
its by as much as 50 times.  Exfiltra- 
tion tests in one city exceeded these 
limits by as much as 100 times. Allow- 
able limits were obtained from a gen- 
eral rule of thumb that the infiltration 
in gph per 100 ft of sewer should lie 
between 50 and 100 of the 
diameter of the pipe. 


been 


sewers, 


per cent 


Electrophotometer 


Modern laboratory techniques make 
the electrophotometer a desirable and 
handy piece of apparatus for the well- 
equipped laboratory. An electrophoto- 
meter, and the 
chemist to perform titrations using 
colorimetrie endpoints with a greater 
degree of accuracy than would be pos- 
sible with the unaided eye. 


accessories, enables 


Flexible Porcupine 


The wire porcupine, used by many 
sewer departments as a finishing tool, 
has been used successfully for cleaning 
sewers fast where light deposits of sand 
and silt using the 
porcupine for this purpose, it is turned 
on a string of rods and worked with the 
flow. A head of water builds up and 
jets through the bristles, washing 
the deposits down the line as they are 
churned up by the tool. Working 
against the flow is advised for grease 
removal, so the cuttings work toward 
the operator instead of packing ahead 
of the tool. 


have occurred. In 
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Dr. F. W. Mohlman has retired as of 
April 1 from his duties as Director of Labo- 
ratories of the Metropolitan Sanitary Dis- 
trict of Greater Chicago. Dr. Mohlman 
served as Editor of the JoURNAL from its 
beginning in 1928 (through 1943) and has 
since been Advisory Editor. 

Dr. Emanuel Hurwitz has been made 
Director of Laboratories of the Metropoli- 
tan Sanitary District of Greater Chicago. 
He has been associated with the sanitary 
district since 1921, 

Frank L. Flood, partner of Metealt and 
Eddy, died recently. He was well-known 
field 
his many activities and affiliations. 

The National Clay Pipe Manufacturers 
Association has announced the appointment 
ot Albert J. Reed as Vice-President-Diree- 


tor of Research. 


in the sanitary engineering through 


He formerly was Director 
of Research of the same organization. 
Lewis S. Finch, Vice-President and 
Chief Engineer of the Indianapolis Water 
Company, was recently elected President 
of the American Water Works Association. 
He is a past Director of the Federation. 
Dr. Raymond W. Hess has recently 
heen appointed as Consultant-Executive to 
the Hamburg, N. Y., Water Board. He 
the end of February from his 
post as Coordinator of Pollution Research 


retired at 


for National Aniline Division, Allied 
Chemical and Dye Corporation, after 
nearly 40 years of serviee. Dr. Hess is 


Chairman of the 
Wastes Committee. 

Cornelius S. Gooch has been appointed 
a service engineer for the Dallas, Texas, 
office of B-I-F Industries, Ine. 

Professor I. W. Santry, Jr., of South- 
ern Methodist University, has recently ac- 
cepted the Chairmanship of the Sanitary 
Engineering Division Committee on Publi- 
cations of the American Society of Civil 
Engineers. His appointment fills the va- 
caney created by the resignation of Dr. 
Ross McKinney of M.1.T. 

The Chicago Bridge and Tron Company 
has opened an office in Kansas City, Mo. 
Theodore F. Cocks is the Sales Manager. 

Among those recently made Honorary 
Members of the Water Works 
Association were Federation members Mor- 


Federation Industrial 


American 


News and Notes 


Of Persons and Activities in the Field of Hydrowastes 


rison B. Cunningham, Director of Public 
Works, Oklahoma City, Okla.; Victor M. 
Ehlers, Director, Division of Sanitary En- 
State Department ot 
Health; Louis F. Warrick, Chief, 
Technical Branch, U. S. Public 
Health Service, Washington, D.C. These 
men have long been prominent in the sew- 
age and industrial wastes field. Mr. Ehlers 
Was made an Member of the 


gineering, Texas 
and 


Services 


Honorary 
Federation in 1957, 

Edward S. Hopkins has moved his con- 
sulting engineering office to 410°) Protes- 
sional Building, 330 N. Charles St., Balti- 
more 1, Md. 

Serving as Sanitary Engineer Consultant 
with the World Health Organization for 
the enrrent half-year is Professor Earnest 
Boyce of the University of Michigan. In 
this assignment he will travel to Australia, 
New Zealand, and a number of South Paci- 
tie islands. 

Leo Weaver has been appointed to the 
headquarters staff of the American Public 
Works Association to assume the duties of 
Director of Research. 

Robert H. Harmeson was recently ap- 
pointed head of the Peoria Research Labo- 
ratory of the Hlinois State Water Survey. 
He succeeds Dr Max Suter, named prin- 


cipal engineer on special assignment to 
study ground-water conditions in north- 


eastern [linois, 

Alan F. Nagle has been named Manager 
of Keasbey and Mattison Company’s Tu- 
bular Products and Sewer Pipe Sales De 
partment. 

James E. Kurtz has been appointed ad- 
vertising manager of Pacifie Flush Tank 
Company, Chicago, Il. 

Spaulding A. Norris has been named 
General Sales Manager of Yeomans Broth- 
ers Co., Melrose Park, Ill. 

Thomas P. Gallagher of Lynn, Mass., 
is a recent appointment to the President's 
Federal Water Pollution Control Advisory 
Board. He is a 
tributor of water and sewage works equip- 
ment and a member of the New England 


sales engineer and dis- 


Interstate Water Pollution Control Com- 
mission. 

Mueller Company, Decatur, has 
announced the appointment of Dan R. 


Gannon as General Sales Manager. 


an 
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Editorial 


THE UNITS OF EXPRESSION FINAL REPORT 


The following include the 
final report of the Units of Expression 
Subcommittee of the Federation Com- 


mittee on 


pages 


Sewage 
Wastes Practice 


and Industrial 
The previous report 
was published in Tuts JourNAL (29, 2, 
134, Feb. 1957) as a tentative report 

This report culminates 14 years of 
work by the Subcommittee headed by 
Dr. Harold E. Chairman. 
The Subcommittee was originally or- 


Orford as 


ganized under the Chairmanship of 
Dr. Willem J. Rudolfs who retired in 
1953. Dr. Morris M. 
man of the and 
Wastes Practice Committee. 


is Chair- 
Industrial 


Cohn 
Sewave 


As the printing of the tentative re 
port in THIs JOURNAL was a departure 
from past practice, the printing of this 
report here as the Federation’s Sixth 
Manual of Practice is likewise a prece 
dent. Its publication is made in aec- 
cordance with the authority delegated 
by the Board of Control at its October 
6, 1957 meeting. At that time the 
Board gave authority to 
the Committees charged 
with the review of manuals before pub- 
lication 


publication 
Federation 


These committees include the 
the Publica- 
tions, and the Industrial 
Wastes Practice Committees. 

By the publication of this Manual, 
the full Federation membership will be 
informed of the results of this ae- 
tivity and all will have the ‘‘Units of 
for Wastes and Wastes 
for reference. Additional 
copies may be purchased from the Fed 
eration office. Many will probably 
want to obtain separate copies for their 


Executive, Program and 


Sewage and 


Expression 
Treatment” 


individual requirements. 
Perhaps never in Federation history 


has a subject been discussed by so 


many. Since the February 1957 print- 
ing of the tentative report many Fed- 
eration members have studied the re- 
offered constructive 
criticism which the Subcommittee used 
this final 


be disappointed 


port and have 
document. 
that the 


measur 


in formulating 
Many will 
previous recommendation of 
volumes in cubie feet 


ine waste Was 


abandoned. The potential simplifica- 
in the light of 
the practical difficulties of this conver- 


tion seemed vreat, but 


sion such an effort seemed futile unless 
parallel adoption would be approved 
by other related organizations such as 
the American Water Works Associa- 
tion, the American Society of 
Engineers, the American 

Health Association, and 
Society 


Civil 
Public 
the American 
Materials. In the 
the Subcommittee recom- 
that the Federation attempt 
to bring about the use of the cubie foot 
unit in 


for Testing 
report, 
mended 
collaboration with other or- 
vanizations. 

The further 
mends that any units of expression not 


Subcommittee recom 
in this list conform wherever possible 
with the units of length, area. volume. 
and Ex- 
recommenda- 


used in these Units of 
Still 


great 


time 
pression, another 
tion of importance is that re- 


ports, papers, and manuscripts be 
prepared with the new units so as to 
assist in the over-all 
effort. 

All the the 
sewage and industrial wastes field owe 
thanks to the membership of the Sub- 
that 


are 


standardization 


those in activities of 


committee 
Thanks 


produced this report. 

due the committees 
and numerous individuals who offered 
their helpful comments on the previous 
drafts of the report. 


also 
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Units of Expression for 


Wastes 
and Waste Treatment 
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Preface 


Units of Ex- 
pression was authorized by the Board 
of Control of the Federation of Sewage 
and Industrial Wastes Associations on 
October 14, 1944. It was originally 
organized with Dr. Willem J. Rudolfs 
as Chairman. Upon his retirement in 
1953, Dr. Harold E. Orford ap- 
pointed to succeed him. 


The Subcommittee on 


Was 


The membership of the subcommittee 
Was all-encom- 

During 
the years from the organization to the 
production of the final report it  in- 
cluded C. G. Anderson, H. E. Babbitt. 
D. E. Bloodgood, E. Boyce, L. H. 
Chamberlain, E. 8S. Chase, E. J. Cleary, 
M. M. Cohn, W. Donaldson, V. M. 
Ehlers, R. E. Eliassen, V. P. Enloe, 
G. M. Fair, A. P. Folwell, G. R. Frith, 
W. A. Hardenbergh, B. K. Hartman, 
W. D. Hatfield, J. K. Hoskins, C. G. 
Hyde, F. W. Jones,* C. E. Keefer, L. 
Hf. Kessler, T. R. Komline, L. L. Lang- 
ford, C. C. Larson, R. P. Logan, F. W. 
Lovell, S. Mahhe, W. B. Marshall, 
IF. W. Mohlman, J. A. Montgomery, G. 
Phelps, G. M. Ridenour, F. C. Roe, C. 
Ruchhoft,* T. C. Schaetzle, S. Shupe, 
W. A. Sperry, M. Spiegel, W. E. Stan- 
ley, G. E. Symons, M. W. Tatlock, Le- 
Roy W. Van Kleeck, F. M. Veatch, 
and L. F. Warrick. 

After several drafts, the subcommit- 
tee reported to the Federation Board 
of Control through the 
Industrial Wastes Committee. 
of the controversial 
port, the Board of 
adopt it but approved publication 
in SEWAGE AND INDUSTRIAL 
WASTES as a tentative report. This 
report recommended that cubic feet be 
used in units including volume or flow. 


large because of the 


passing nature of the work. 


and 
Because 
nature of the re- 
Control did not 


Sewage 


This change made possible many sim- 
plifications in the proposed units. 

The report was published in the Fed- 
eration Journal for February 1957 with 
a request for suggestions from readers. 


* Deceased. 


In addition, special comment was so- 
licited from over one hundred members. 
With many hand, the sub- 
committee met during the Boston Fed- 
eration Meeting in 1957 and decided to 
recommend the unit of 
volume in line with common practice. 


views at 


gallon as a 


The subcommittee felt this compromise 
best to avoid further delay in complet- 
ing the report. With approval of the 
publication review committees, this pub- 
lication of the final report was cleared. 

In its final report, the subcommittee 
recommended : 


1. That effort be continued for the 
adoption of a simplified standard sys- 
tem of units in whieh the unit 
volume is changed from gallons to 


for 


cubie feet. 

2. That this work be done in conjune- 
tion with other interested societies such 
as the ASCE, AWWA, APHA, and 
ASTM. 

3. That be continued so that 
the recommended standard units ¢an 
be revised and brought up-to-date at 
intervals in a manner similar to that 
used by the Standard Methods Com- 
mittee. 

4. That the units of 
expression be used in manuscripts for 
technical publications. 

That units of 
expression be used in publications only 


work 


recommended 


non-recommended 


where there is no comparable recom- 
mended unit. 

6. That non-recommended units of 
expression conform, wherever possible, 
to the units of length, area, volume, and 
time used in the recommended units of 
expression. 


The subcommittee acknowledges the 
many constructive suggestions received 


from those who commented on its previ- 
ous reports. 


Surely the consideration 
this has provoked will result in im- 
provement of our technical understand- 
ings and lead the way to further sim- 
plifications in the future. 
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. WASTES CHARACTERISTICS 
AND TREATMENT  EFFI- 
CIENCY 


2. SCREENINGS 
. GRIT REMOVAL 
. SEDIMENTATION 


5. BIOLOGICAL FILTERS— 
TRICKLING FILTERS 


6. BIOLOGICAL FILTERS— 
SAND FILTERS 


For many years, engineers and tech- 
design, 


and operation of sewage and industrial 


nicians engaged research, 
wastes treatment plants and appurte- 
nant facilities for the collection, pump- 
ing, and disposal of liquid wastes, have 
recognized the need for standard units 
of expression for factors used in these 
The 
publication of this manual of practice 
is in answer to this need. 

The rapid advances in this field make 
it essential that all design and opera- 
tion factors and performance units be 
expressed in which is 
universally understandable and which 
the volume, 
streneth, rates, time, weights, concen- 
trations, ratios, hydraulic loading, qual- 
itv characteristics, and 
other pertinent Uniformity 
will aid in the orderly development of 


sanitary engineering activities. 


nomenclature 


permits comparison of 


dimensions, 
factors. 


Units of Expression for Wastes 
and Waste Treatment 


. ACTIVATED SLUDGE AND 
CONTACT AERATION 


8. OXIDATION PONDS AND 
LAGOONS 


9. CHLORINATION 


10. DIGESTION 


11. SLUDGE DEWATERING 
AND DRYING 


. SLUDGE DISPOSAL 


technical practices in the sewage and 
industrial wastes field. 

It should be noted that the following 
units of expression are recommended. 
The final acceptance of such units as 
“standard practice’ must be based on 
There- 
fore, this appeal is made for the use of 
the proposed units of expression by all 
persons in research, design, and opera- 
tion of wastes facilities. 


voluntary acceptance and use. 


In some in- 
stances, the units may be different from 
those commonly used; in other cases, 
they are recommended because they are 
already accepted and used. 

For many of the units recommended, 
the numerical range of values usually 
encountered is given for each unit. 
These numerical values are only back- 
ground figures. They have no other 


significance with respect to the recom- 
mendations made or the use of the units 
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1. WASTES CHARACTERISTICS AND TREATMENT EFFICIENCIES 
1.1. Volume 
Sewage and industrial wastes: gallons per day; million gallons per day. ‘ 
1.2. Strength 
Sewage and industrial wastes: milligrams per liter. 
1.3. Efficiency of Treatment ° 


Sewage and industrial wastes: percentage removal of a particular constituent 
BOD, suspended solids, ete.) ; 100 * (influent — effluent) /( influent 


2. SCREENINGS 


2.1. Volume 
Cubic feet of screenings per million gallons of waste flow; range 0.5 to 12 for 


sewave 


3. GRIT REMOVAL 


3.1. Volume 
Cubic feet of grit per million gallons of waste flow; range 1 to 12 for sewage. 


3.2. Surface Overflow Rate 
Gallons flow per day per square foot of surface area (also state depth of grit 
chamber in feet) ; range 22,000 to 50,000 for sewage. 


3.3. Displacement Velocity 
Feet per second (also state length of grit chamber in feet). 


3.4. Detention Time 
Seconds of detention time in grit chamber (grit chamber volume basis) ; range 
10 to 100 for sewage. 


4. SEDIMENTATION 
4.1. Volume of Sludge 


Cubic feet of sludge per million gallons of waste flow; range 300 to 1,500 for 
sewaze. 
4.2. Weight of Dry Sludge Solids 


Pounds of dry sludge solids per million gallons of waste flow; range 500 to 
2,000 for sewage. 


4.3. Sludge Concentration 
Per cent total solids in sludge; 


range 1 to 10 for sewage. 


4.4 Surface Overflow Rate 
Gallons waste flow per day per square foot of sedimentation tank surface area; 
range 500 to 2,000 for sewage. 


4.5 Surface-Area-Weir-Length Ratio 
Square feet of tank surface per foot of weir length (ft); range 5 to 150 for 


sewage. 


1 Concentration of BOD, suspended solids, ete. 

For treatment units such as trickling filters and activated sludge tanks in which another 
treatment step (sedimentation) is an integral part of the process, the effluent is considered to 
be that from the final treatment units. 
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4.6 Weir Overflow Rate 


Gallons waste flow per day per lineal foot of weir length; range 5,000 to 20,000 
for sewage. 


4.7. Detention Time 


Hours detention time (settling tank volume basis) ; range 0.5 to 4 for sewage. 


5. BIOLOGICAL FILTERS—TRICKLING FILTERS * 
5.1. Hydraulic Load * 


Gallons waste flow per day per square foot of surface area; low-rate filter range 
25 to 100; high-rate filter range 200 to 1,000. 


5.2. BOD Load": * 


Pounds of BOD per day (in waste applied) per 1,000 cubic feet of filter volume ; 
low-rate filter range 5 to 25; high-rate filter range 25 to 300. 


5.3. Recirculation 


Percentage recirculation: 100 (recirculated flow/waste flow). Low-rate 


filter range 0 to 50; high-rate filter range 25 to 300. 


Unit Replaced Conversion Factor * Recommended Unit 

Million gallons per aere X 23 - Gallons per day per square 
per day foot 

Gallons per 1,000 square x 0.001 = Gallons per day per square 
feet per day foot 

Pounds BOD per acre x 0.023 Pounds BOD per day per 
foot per day 1,000 cubie feet 

Pounds BOD per cubic x 37 Pounds BOD per day per 
yard per day 1,000 cubic feet 


‘Because of the large number of flow patterns possible with series operation of filters, 
particularly where recirculation is employed, standard expressions are not being recommended. 
It is recommended, however, that the same general scheme be followed for determining loadings 
and efficiencies of individual filters used in series as that recommended for single-stage filters 
in parallel. It is also recommended that for filters used in series, the over-all loadings and 
efficiencies be given, i.e., that the two or more filters in series should be considered as one filter 
and the loadings and efficiencies be computed accordingly. 

5 ‘ For high-rate filters the hydraulic load includes recireulated flow. 

5 For high-rate filters, the recirculated flow is not to be considered as contributing an addi 
tional BOD load. 

6 Where high-rate filters are provided with recirculation to the primary settling tank, the 
recirculated flow mixes with the raw waste before primary settling. The amount of BOD 
contributed to the filter by the settled raw waste cannot be determined by a direet BOD 
measurement and must be estimated. The following are suggested methods: 


1. Settle the raw waste sample in an Imhoff cone for the same detention period provided by 
the sedimentation tank and determine the BOD of the settled raw waste. Apply this per 
centage BOD reduction to the raw waste passing through the settling tank. 

2. Take samples of mixed raw waste and recirculated trickling filter effluent, before and after 
settling, and determine the BOD concentrations. Apply the percentage BOD reduction ob 
tained for the primary settling tank to the raw waste passing through the settling tank. 

3. Assume a standard value for the percentage BOD reduction of the raw waste as it passes 
through the primary settling tank. 


In reporting BOD loadings on this type of recirculated trickling filter, the method of 
estimating the BOD reduction of the raw waste portion by primary sedimentation should 
also be stated. 

7 Conversion factors computed using (a) density of water as 8.34 lb per gal, and (b) 7 


» gal 
equals 1.0 eu ft. 
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6. BIOLOGICAL FILTERS—SAND FILTERS 


6.1. Hydraulic Load 
Gallons waste flow per day per square foot of surface area; range 2 to 12 for 


sewage. 


6.2. BOD Load 
Pounds of BOD (in waste applied) per day per 1,000 square feet of surface 
area; range 2 to 10 for sewage. 


6.3. Suspended Solids Load 
Pounds of suspended solids (in waste applied) per day per 1,000 square feet of 
surface area; range 2 to 10 for sewage. 


Unit Re place d Conversion Factor Recommended Unit 
Gallons per acre per day x 0.000023 Gallons per day per square 
foot 
Million gallons per acre x 3 Gallons per day per square 
per day foot 
Gallons per 1,000 square 0.001 Gallons per day per square 
feet per day foot 
Pounds BOD per acre x 0.023 Pounds BOD per day per 
per day 1,000 square feet 
Pounds suspended solids 0.023 = Pounds of suspended solids 
per acre per day per day per 1,000 square 
feet 


7. ACTIVATED SLUDGE AND CONTACT AERATION 


7.1. BOD Load 
7.11. Pounds of BOD applied per day per 1,000 cubic feet of aeration tank 
volume; range 25 to 100 for sewage. 


For activated sludge, pounds of BOD applied per day per pounds of 
volatile solids under aeration ; range 0.1 to 1.0 for sewage. 


For contact aeration, pounds of BOD applied per day per 1,000 square 
feet of aerator contact surface; range 3 to 30 for sewage. 


7.2. Air Requirements and Measurement 
7.21. Cubic feet of air per pound of BOD removed; range 300 to 1,500 for 
sewage, 
Cubic feet of air per gallon of sewage treated; range 0.5 to 2 for sewage. 
Cubic feet per minute of air flow. 


7.3. Aeration Period 


Hours aeration period (based on total aeration tank volume and waste flow, 
return sludge flow is not considered) ; range 2 to 24 for sewage. 


7.4. Return Sludge 
Per cent return sludge: 100 X (return sludge flow ‘waste flow) : range 10 to 50 
for sewage. 
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7.5. Sludge Index 
Sludge density index > (see *‘Standard Methods,’’ 10th Edition) ; range 0.2 to 


2 for sewage. 


Unit Replaced Conversion Factor Recommended Unit 
Sludge volume index (100 SVI) - Sludge density index 


8. OXIDATION PONDS AND LAGOONS 
8.1. Detention Time 


Days of detention time (based on lagoon volume and waste flow). 


8.2. BOD Load 


Pounds of BOD per day per 1,000 square feet of surface area. 


9. CHLORINATION 
9.1. Disinfection 


9.11. Dosage: milligrams per liter of chlorine applied (for a stated contact time 
and chlorine residual) ; range 4+ to 40 for sewage. 
9.12. Residual: milligrams per liter of chlorine residual at contact time re- 
quired to meet bacteriological standards. 
9.13. Effluent quality: (a) number of coliform bacteria per milliliter remain- 
ing; (b) per cent of samples passing bacteriological standards. 
9.2. BOD and Odor Reduction 


Dosage: milligrams per liter of chlorine applied. 


10. DIGESTION 


10.1. Sludge Digestion 
10.11. Pounds of volatile solids per day per 1,000 cubic feet of digester volume ; 
range 50 to 1,000. 
10.12. Days detention period (digester volume basis). 
10.13. Percentage reduction of volatile solids. 
10.14. Cubic feet of gas per pound of volatile solids fed. 


10.2. Waste Digestion 
10.21. Pounds of BOD per day per 1,000 cubic feet of digester volume; range 
10 to 100. 
10.22. Days detention period (digester volume basis ) 
10.23. Percentage BOD reduction. 
10.24. Cubie feet of gas per pound of BOD fed. 


Unit Replaced Conversion Factor Recommended Unit 
Pounds volatile — solids « 1,000 Pounds volatile solids per 
per day per cubie foot day per 1,000 cubic feet 
digester volume digester volume 
Pounds BOD per day x 1,000 Pounds BOD per day per 
per cubic foot digester 1,000 cubic feet digester 


volume volume 


8 The sludge density index is the per cent solids in the settled activated sludge when settled 
under the standard conditions of the test; namely, 0.5 hr settling in 1-1 graduated cylinder. 
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ll. SLUDGE DEWATERING AND DRYING 
11.1. Sand Bed Drying 


11.11. Pounds of dry solids per year per square foot of bed area; range 10 to 
10 for digested sewage sludge. 
12. Feed (depth) per vear wet sludge placed on drying beds; range 3 to 12 
for digested sewage sludge. 


13. Per cent dry solids in sludge cake. 


Vacuum Filtration 
21. Pounds of dry solids per hour per square foot of filter surface. 
Feet per hour ° of wet sludge applied to filter surface. 
Per cent dry solids in filter cake. 


Chemical dosage to dry sludge solids ratio (per cent). 


eat Drying 
Btu per pound of sludge cake. 
Btu required per pound of water evaporated. 
Pounds of water evaporated per hour. 


Per cent moisture in product. 


Unit Replaced Conversion Factor Recommended Unit 
Cubic feet wet sludge x 1.00 Feet per year wet sludge on 
per year per square drying bed surface 
foot surface area 
Gallons wet sludge per x 8. - Feet (depth) per hour of 
minute per square foot wet sludge applied to filter 
of filter surface surface 


12. SLUDGE DISPOSAL 


12.1. Incineration 
Pounds of wet sludge per hour per square foot of heating surface (at 
specified sludge dry solids content). 
Pounds of wet sludge per hour per cubie foot of combustion chamber 
(at specified sludge dry solids content). 
Per cent earbon dioxide in exhaust Yases (by volume 


Btu per pound of moisture evaporated. 


12.2. Land and Sea Disposal 


Cubic feet wet solids per day, month, or vear. 


Cubic feet of wet sludge per hour applied per square foot of surface area. 
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Top Photo 


Fillmore, Calif. 
Sewage Plant 


Photo at Left 
Digester at 
Fillmore Plant 


Varec Equipment helps Fillmore, Calif. 
meet its Sewage Problem 


Fillmore faced a common problem of 
many Southern California cities, — a 
booming population that over-taxed the 
sewage system. 

The solution was a compact, modern 
digester system that is efficient and attrac- 
tive. To protect this fine plant against fire 


and explosion, and regulate the volatile 
sewage gas for smooth operation, VAREC 
SEWAGE GAS CONTROL AND 
SAFETY DEVICES are on the job. 

Over 18 years of experience in control- 
ling sewage gases has made Varec one of 
the leaders in the field. 


Send for Varec Catalog S-3 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, California 
Cable Address: Varec Compton California (U.S.A.) All Codes 


Available from Authorized Sewage Equipment Agents throughout the U.S. and Canada 
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Proceedings of Member Associations 


NEBRASKA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 6th Meeting of the 
Nebraska and Industrial 
Wastes Association was held November 
1957, in the Clark Hotel, Hast- 
Nebr. The total number of 
registrants was 81 and there were 92 


Annual 
sewage 


Ings, 


in attendance at the banquet. 

Some of the highlights of the in- 
teresting and valuable papers which 
were presented the 


were following 


statements : 


‘The number one problem in sewage 
pumps is packing boxes.”’ 

‘*When the bearings go bad on elec- 
trical motors, always be sure to de- 
termine the cause of the bearing failure 


CY” the INCREDIBLE Torque-Flow Pump — 


pumps almost everything 


( what will go in will come out ) 


secret: recessed impeller; continuous open passage 


(completely non-clogging) 


Western Machinery Company 


and correct it before placing 
equipment back in service.’’ 

‘By the Seventh Annual Meeting 
there will be over 200 sewage treatment 
plants in operation in Nebraska.’’ 


the 


‘‘Sewage treatment plant operators 
should be cautious in the use of caustic 
sewer cleaning chemical compounds, as 
they can seriously injure the operator, 
damage the joints, and have harmful 
effects on sewage treatment plants.”’ 

‘*No two combination clarifier plants 
operate the same and a set of operating 
standards must be developed for each 
plant.”’ 

‘*Sewage sludge is a useful fertilizer 
and should be used to improve agri- 
cultural soils.”’ 


(Continued on page 200a) 


650 Fifth St. San Francisco, California 
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rease Grit Screenings Sludge 


Burn ALL in one furnace... 


.» THE 
NICHOLS 
HERRESHOFF 
Multiple | 


Filter Coke 
Fine Screenings 
Grit 


| 


Coarse 
Screenings 


y & Research Corp., 70 Pine St., New York 5, N. Y. 


/ St., Indianapolis 18, Ind. 405 Montgomery Street, San Francisco 4, Calif. 
. 1477 Sherbrooke St. W., Montreal 25, Canada 
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‘*A careful study should be made be- 
fore a municipality invests in vacuum 
filters for sludge.’’ 

most practical digester devel- 
oped to date is one with a floating 
cover and an external heat exchanger.’’ 

‘The new plant under construction 
(Hastings sewage treatment plant) is 
the result of four years of study and 
we feel it will be one of the most mod- 
ern sewage 


treatment plants in the 


midwest. 

Officers for the year 1957-58 are as 
follows: 
President: 

Island. 
Vice-President: Kloyd Sanks, Sidney. 


NSecretary-Treasurer: V. J. 


Lloyd L. Thomas, Grand 


Lechten- 
berg, Omaha. 


d. 


Secretary-Treasurer 


LECHTENBERG, 


AND INDUSTRIAL WASTES 


PACIFIC NORTHWEST SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 


The 24th Annual Meeting of the 
Pacifie Northwest Sewage and Indus- 
trial Wastes Association was held at 
the Franklin Hotel, Seattle, Wash., Oc- 
tober 24-26, 1957, and drew a record- 
breaking attendance of 275, plus 50 
ladies. 

General held on the 
morning of the 24th and afternoon of 
the 25th, 
on the 


sessions were 


while split sessions were held 
24th and 
These included 
wastes and air 


afternoon of the 
morning of the 25th. 
industrial 
pollution, sewage works management, 
operation and maintenance, and design 
and development. 


sesslons On 


An operators’ round table session 
was held on the evening of the 24th, 
attendance being limited to operators. 


(Continued on page 202a) 


specialists 


* Sewer Rods 


* Sewer and Pipe Cleaning Equipment 


* Sectional Steel Rods 
* Complete Sewer Cleaning Machines 
* Braces and Guides 
* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consult Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W. H . STEWART, INC. P.0. Box 767, Syracuse, N.Y. 
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VERTI-FLO CLARIFIER 


solves plant overload problem 


4 
\ 


Rex Verti-Flo Clarifier in Gastonia, N.C., se 


With the aid of Rex Verti-Flo Clarifiers, 
the city of Gastonia, North Carolina, sub- 
stantially increased the capacity of its 
sewage treatment plant without increas- 
ing the plant size...solved the problem of 
a badly overloaded plant. Installed in 
the existing settling tanks, Verti-Flo pro- 
vided the increased capacity needed... at 
low cost. Here’s why! 

Rex Verti-Flo Clarifier divides the con- 
ventional horizontal-flow settling basin 
into a series of individual vertical-flow 
cells. Through a unique combination of 
wood partitioning baffles and adjustable 
V-notched weirs entirely around the 
periphery of each cell, tank capacity is tre- 
mendously increased. Installed in exist- 
ing tanks, Rex Verti-Flo Clarifier will at 


CHAIN! sect 


wage treatment plant. Walter Gardner, plant chemist. 


least double the present capacity...and pro- 
vide a far clearer effluent. 


Adjustable weirs control the drawoff 
within each cell so that full advantage is 
taken of the generous weir length. Inlet, 
distribution, vertical and weir velocities 
are extremely low and carefully controlled 
for most suitable settling conditions. 
There is no short-circuiting between cells 
and flow is completely balanced. 


If you have an overload problem in 
your plant or want to assure maximum 
capacity for a new plant, investigate the 
advantages of Rex Verti-Flo Clarifier. 


For complete details, write CHAIN 
Belt Company, 4606 W. Greenfield Ave., 
Milwaukee 1, Wisconsin. 
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A follow-up of this occurred at the 
annual breakfast 
ing. 
Andrew 


the following morn- 


J. Wahl, Superintendent at 
Boise, Idaho, and retiring president 
of the Association, was named 1957 re 
cipient of the first Hatfield Award for 
outstanding performance in the opera- 
tions field. The Bedell Award for out- 
standing service to the association was 
presented to Robert O. Sylvester, Pro- 
fessor of Sanitary Engineering, Uni- 
versity of Washington, Seattle, Wash. 

Ten Awards for outstanding sewage 
plant operation reports were made 
Recipients were selected by a commit- 
tee of which Robert E. Leaver, Seattle, 
Wash. was chairman. First place win- 
ners in each of three population groups 
were : 


Wash... 
25.000 
eit ies of 


Ketcham, Tacoma, 


operator, 


Lyman 
plant cities 
W. E. Loftin, Gresham, Ore., 


5.000 to 25.000: Vern 


over 


and 


Young of 


AND INDUSTRIAL WASTES 


Franklin-Pierce High School, near Ta- 
coma, Wash., facilities serving less than 
5,000 population. Ketcham 
the top award last year. 
Honorable 


also won 


awards in the 
A. J. Wahl, 
S. Zickefoose, Walla 
Wash.: Eugene F. Davis, 
Wash.; William A. Newell, 
and A. S. Wood, Van- 


Leo Mabee, Longview, 


mention 
over 25.000 group went to: 
Boise, Idaho; C. 
Walla, 
Seattle, 
Eugene, Ore. ; 
couver, Wash. 
Wash.; and Wayne Ransom, Olympia, 
Wash., honorable mention 
awards in the 5,000 to 25,000 group. 

The elected 
to serve for 


received 


officers 


1957—)s : 


following were 


President: R. Trumbull 
tle, Wash. 
Vice-President: 
Portland, Ore. 
Necretary-Treasurer: Gilbert H. 
stan, Pullman, Wash. 
GILBERT H. DuNsTAN, 
Secretary-Treasurer 


Smith, Seat- 


Marvin W. Runyan, 


Dun- 


SNOW GATES 


sion. 


2437 East 24th Street 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘ Parker- 
ized’’ for protection against rust and corro- 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


for 


Los Angeles 54, Calif. 
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DIRECTORY OF ENGINEERS 


(Continued through page 210a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


City Planning, Highways, Bridges and Airports 
ams, Flood Control, Industrial Buildings 

Investigations, Reports, Appraisals and Rates 
THREE PENN CENTER PLAZA 

PHILADELPHIA 2, PA. 


Water. Sewage, Industrial Wastes and Incineration Problems 


ALVORD, BURDICK & HOWSON 
Engineers 


Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 

Flood Relief, Sewerage, Sewage 

Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. Boston 14 Baltimore, Md. 


ANDERSQN-NICHOLS 


JOHN J. BAFFA 


Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 

Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 

Civil Engineers, Planners, and Surveyors 

Municipal Engineers —Airport Design —Sewage Disposal 

Systems —Water Works Design and Operation—-Surveys 

and Maps—City Planning —Highway Design——Construc- 

tion Surveys—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Ilinols 


THOMAS W. BEAK 
Consulting Biologist 

Pollution Studies 

Stream and Lake Surveys 

Toxicity Tests 

Biological and Chemica! Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 


G. 8. C. G. Gatrner J. K. Lataam 
J. W. Finney, Jr 


Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 


Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 
Industrial Water 


Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage -— Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
“Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


BOGERT AND CHILDS 
Consalting Engineers 

CLIntTON L. BoGert S. CHILDS 

IvaAN L. BOGERT DoNaLp M, DITMARS 
Ropert A. LINCOLN CHARLES A. MANGANARO 

WILLIAM MARTIN 

Water & Sewage Works Refuse Disposal 
Drainage Flood Control 
Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y¥. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—Industrial 
Wastes—Refuse Disposal—M unicipal 
Projects—Industrial Buildings—Reports— 
Plans—Specifications—Supervision of 
Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers — Streets 


Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
Santa Ana, Calif. San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE- INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Waterworks, Sewage Disposal, Airports 
Street Improvements, Power Plants 
Electric Distribution, Rates 


K. P. BUILDING DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne S. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 
Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
eports, Designs, Construction 
Supervision, Investigations, 
szaboratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. Y. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 


204a 
in 
¢ 
| 
: 


SEWAGE 


AND INDUSTRIAL 


WASTES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 
KANSAS CITY, MO. 
P.O. Box 7088 
Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Seweraze and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
‘lood Control 


6 Beacon St. Boston 8S, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructo 


rs—Management 


SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys 
Planning 
Bridges 


Roads and Streets 
Airports 
Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants-Incineration—Gas Systems 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
ind Power Plants. Appraisals. 


360 East Grand Ave. 


Chicago 11, Il. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 
Biological Surveys of Sewage and 
Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
siodssays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Engineers and 
Surceyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


ONLY $66 PER YEAR 


is the cost of a_ professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 
the most complete Directory 


available of consultants specializing in 
sewage and industrial wastes treat- 


ment. 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, Incorporated 
Belleville 9, New Jersey 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


ROY B. EVERSON 


ngineer 


DIRECTORY OF Sewage and industrial wastes treatment, city 


water purification, and comple te swimming pool 
systems—Filtration Experience since 1900 


ENGIN E ERS Valuations —Reporls— Research— Development 


207 W. Huron St., Chicago 10, Il. 
SU perior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Port and Terminal Works—Industrial Bldgs Sewage and industrial wastes feld an 


will afford maximum prestige! 
BOSTON, MASSACHUSETTS 


ONLY $66 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 


FINKBEINER, PETTIS & STROUT FREESE & NICHOLS 


FORT WORTH, TEXAS 
Carterton 8. Finkserner Cuarves E. Pettis 


FREESE, NICHOLS & FURNER 
K. Strout R HOUSTON, TEXA 


Industrial and Municipal 
Water Supply, Water Treatment, Sewerage, Water Supply and Puritication—Sewerage 
Sewage Treatment, Wastes Treatment, and Industrial Waste Treatment—High- 
Bridges, Highways & Expressways ways and = Structures—-Dams—Drainage 
Works Airports Investigations Valua 

2130 Madison Avenue Toledo 2, Ohio tion—Design and Supervision 


Consulting Engineers 


FROMHERZ ENGINEERS GANNETT FLEMING CORDDRY 
Structural - Civil - Sanitary & 
Four Generations Since 1867 
ate Jewerage: Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
ney pl rial Waste Disposal Parking—Appraisals, Investigations & Reports 
Investigations; Reports; Plans and HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
816 Howard Avenue New Orleans 12, La. phia, Pa. Daytona Beach, Fla. 


CONSULTING ENGINEERS! GILBERT INC. 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- Water Supply and Purification 
tive clients will expect to find your card Sewage and Industrial Waste Treatment 
in the Directory of Engineers contained 
= the Investigations and Reports 
Official Professional Journal of the P.O. Box 1498 
Sewage and Industrial Wastes Field! New York READING, PA. 


Chemical Laboratory Service 


Washington 


GREELEY & HANSEN FRANK E. HARLEY AND ASSOCIATES 
Engineers 


Samuel A. Greeley Paul Hansen (1920-1944) Consulting Engineers 
Paul E. Langdon _ Kenneth V. Hill Sewerage and Sewage Treatment 
Thomas M. Niles Samuel M. Clarke Water Supply and Purification 
Industrial Wastes and Garbage Disposal 
_ Water Supply, Water Purification Municipal Improvements Town Planning 
Flood Control, Drainage, Refuse Disposal Surveys 

Sewerage, Sewage Treatment Design, Supervision and Operation 


220 S. State Street, Chicago 4 260 Godwin Avenue Wyckoff, N. J. 


Take advantage of the services of these outstanding consultants! 
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HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


Consulting Engineer 


123 S. Broad St. Philadelphia 9, Pa. 


DIRECTORY OF 


ENGI 


NEERS 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


listed here 


. the most 


Your firm should be 


complete Directory 


available of consultants specializ- 


ing in sewagea 
treatment. 


nd industrial wastes 


HAVENS AND EMERSON 
W. L. Havens A. A. Burger 
J. W. Avery H. H. Moseley 
IF. S. Palocsay E. S. Ordway 
F. C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 


ENG 
Ricnarnp Hazen 


INEERS 
W. Sawyer 


1. E. Hopson, Jr. 


Water and 


Sewage Works 


Industrial Waste Disposal 


Drainage an 


122 East 42nd St. 
New York 17, N. Y. 


d Flood Control 


3333 Book Bullding 
Detroit 26, Mich. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


Jed. 


HORNER 


& SHIFRIN 


E 


W. W. Horner 

7. & 

Airports — 

Sewerage and Se 
Water Supply 


E. E. Bioss 
LISCHER 


Hydraulic Engineering — 


‘wage Treatment — 
Municipal Engineering 
Reports 


Shell Building, St. Louis 3, Missourt 


GRIT AND HEAVY SLUDGE REMOVAL 


CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


INDUSTRIAL WASTE DISPOSAL CORPORATION 
Consultants 

Chemists 
Deep Sea Disposal 

Plant Site and Outfall Surveys 
Biological and Chemical Analyses 

Research — Waste Treatment 

Pollution 


Oceanographers Engineers 


Drawer 150 


Baytown, Texas 


WILLIAM 


Consulting Engincer 


Sanitary and Publ 
Planning 
Sewage— Refuse 

Air Pollution Cont 


20 Point Crescent, 


Design 


T. INGRAM 


ic Health Engineering 
Research —-Water 
Industrial Wastes 
rol——Industrial Health 


Whitestone 57, N. Y. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND 


INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


Th i L 
e Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, MGR 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings 


TROY, NEW YORK 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemica! and Biological Laboratory 
604 MISSION 8ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 
1100 South Broad St. Trenton, N. J. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Ine. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 
Statler Building 
Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 
Water, Sewage, Drainage and 
Industrial Waste Problems 


Structural Power 


165 Broadway 


Transportation 


New York 6, N.Y. 


E. C. PATTEE 
Chemical Engineer 


Consulting, Surveys, Development & 
Design for Stream Pollution, Waste Recovery 
& Chemical Processing 


3510 Section Road, Cincinnati 37, Ohio 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, Ill 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design ; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 
Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 

Reports, Investigations, Research 
Lovis C. McCase, Pres. 


4435 Wisconsin Ave. Washington 16, D. C. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratones for Chemical and Bacteriological 
Analyses 


369 E. 149th St. 


New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Howe 


Robert and Company 
Associates 
Engineering Division 


ATLANTA 


Water Supply - - - - - - - Incinerators 
Sewage Disposal - - Power Plants 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


RUSSELL AND AXON 


Consulting Engineers 


Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
Municipal Airport 
Daytona Beach, Fla. 


408 Olive St., 
St. Louts 2, Mo. 


SMITH and GILLESPIE 


Consulting Engineers 


All ves of 
Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


208 S. LaSalle Street 
Chicage 4, lilinois 


Hershey Building 
Muscatine, lowa 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 


Consulting Engineer 


Water Supply, Sewerage 
Refuse Disposal, Incineration 
Industrial Developments 


151 W. Merrick Rd. 


Freeport, N.Y. 


J. STEPHEN WATKINS 
J. S. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 
251 East High Street Lexington, Kentucky 


Branch Office 
4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Water—Sewage 
Surveys—Research— Development— Process 
Engineering — Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square 


Pennsylvania 


WESTON & SAMPSON 


Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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American Concrete Pressure Pipe Association 
American Well Works 

Bailey Meter Company 

Brown Company 


Builders-Providence, Incorporated, Division of B-I-F Industries, Incorporated 


Cast lron Pipe Research Association 
Chain Belt Company 

Chicago Pump Company , 
Cloroben Chemical Company ............... 
Combustion Engineering (Raymond Division) 
Dorr-Oliver Incorporated 

Fairbanks, Morse and Company 

General Chemical Division (Allied Chemical and Dye Corporation) 
Graver Water Conditioning Company 

lowa Valve Company (Subsidiary of James B. Clow and Sons) 
Johns- Manville 

Link-Belt Company 

Lock Joint Pipe Company : , 

National Clay Pipe Manufacturers, Incorporated 

Nichols Engineering and Research Corporation 

Pacific Flush Tank Company 

Simplex Valve and Meter Company 

Snow Gates and Valves 

Solvay Process Division 

Stewart, W. H., Incorporated 

Vapor Recovery Systems Company 

Vulcan Materials Company (Concrete Pipe Division) 

Wallace and Tiernan Incorporated 

Western Machinery Company 


Albright & Friel, Inc 


INDEX TO ADVERTISERS 


DIRECTORY OF ENGINEERS, 203a-210a 


Page 
182a, 183a 


186a 

188a 

. 179a 
Inside Front Cover 
176a, 177a 

20la 

169a 

19la 

l7la 

196a 

178a 

212a 

184a 

18la 

175a 

180a 

192a, 193a 

190a 

Inside Back Cover 
187a 

1994 

194a 

li3a 

. 202a 
189a 

200a 

197a 

185a 

Back Cover 

198a 


Alvord, Burdick & Howson 
Anderson-Nichols & Company 


Baffa, John J 


Baker, Michael, Jr., 
Baxter & Woodman 


Beak, Thomas W 
Bell, Howard K 


Betz Laboratories, 


Black & Veatch 


Bogert and Childs 
Bowe, Albertson & 
Boyle Engineering 
Brown & Caldwell 
Brown Engineering Co 
Browne, Floyd G., 
Buck, Seifert & Jost 


Burgess & Niple 


Burns & McDonnell 
Camp, Dresser & McKee 
Capitol Engineering Corp 
Chester Engineers, The 

Cole, Chas. W. & Son 

Consoer, Townsend & Associates 
Consulting Biologists 


Damon & Foster 


Electro Rust-Proofing Corp 


Everson, Roy B 


Fay, Spofford & Thorndike 
Finkbeiner, Pettis & Strout 


Freese & Nichols 


Dolan and Wurtz 


Havens and Emerson 
Hazen & Sawyer 
Henningson, Durham & Richardson, Inc 
Horner & Shifrin 

Hudson-Rumsey Co., Inc 

Industrial Waste Disposal Corporation 
Ingram, William T 

Jennings-Lawrence Co 

Jones, Henry & Williams 

Kaighin and Hughes 

Keis & Holroyd 


Associates Kennedy, Clyde C 


Knowles, Morris, Inc 
Koebig & Koebig 
Lanning Sanitary Engineering Co., Inc 


Associates Lozier, Wm. S., Company 


Mebus, George B., Inc 
Metcalf & Eddy 
Nussbaumer, Clarke & Velzy, Inc 
Parsons, Brinckerhoff, Hall & Macdonald 
Pattee, E. C 
Piatt & Davis and Associates 
Pirnie, Malcolm, Engineers 
Purcell, Lee 1 
Resources Research, 
Riddick, Thomas M. 
(N. J.) Ripple & Howe 
Robert and Company Associates 
Russell & Axon 
Smith & Gillespie 
Stanley Engineering Company 


Fromherz Engineers 
Gannett Fleming Corddry & Carpenter, Inc 


Greeley & Hansen 
Harley, Frank E., and Associates 
Harris-Dechant Associates 

Haskins, Riddle & Sharp 


Stilson, Alden E 
Taylor, Henry W 
Gilbert Associates, Inc Watkins, J. Stephen 
Weston, Roy F., Inc. 
Weston & Sampson 

Whitman & Howard 


Associates 


Whitman, Requardt & Associates 


PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 
lication of this journal. 
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SEWAGE AND INDUSTRIAL WASTES 


Sewer cleaning revolutionized with 
NEW TRUCK-LODER BUCKET MACHINE 


* Bypass street dumping! Sewer deposits dumped automatically 
DIRECTLY INTO TRUCK! 


Bucket Contents dumped automatically! . 
No more unsanitary sewer deposits on the street. 


* Two-man Bucket Machine Crew! Releases man formerly needed for dumping bucket and 
shoveling into truck. 


¢ Easier to operate! Simple to maintain! 
The Truck-Loder makes bucket machine operation a 


° Streets kept free of sewer deposits! two-man job 


eee 


3786 DURANGO AVE., LOS ANGELES 34, CALIF 


FLEX | B LE ING. 1005 SPENCERVILLE RD, LIMA, OHIO 
. 351 W. JEFFERSON BLVD., DALLAS, TEXAS 


WORLD'S LARGEST MANUFACTURER OF SEWER CLEANING EQUIPMENT 


2129 
: Only 60 seconds | 
> 
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LOCK JOINT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET is the ideal 
answer to installations requiring highest quality 
sewer or culvert pipe and maximum protection 
against ground water infiltration. 


This pipe, produced in diameters from 12” to 72” 
and in standard lengths of eight feet is manu- 
factured by an unique process which develops 
unusually strong, dense concrete, highly resistant 
to abrasion. Its joint ends, of almost machined 
accuracy, are particularly adaptable to the Lock 
Joint Flexible Joint Rubber Gasket. 


This gasket gives effective relief from infiltration 
into the pipeline and permits the joint to be opened 
up to %4” without endangering its tightness. This 
feature alone adds considerably to the ease and 
speed with which the line can be installed. 


The ‘‘Flexible Joint’’ gasket permits ample deflec- 
tion to accommodate normal ground settlement. 


Lock Joint also produces conventional machine 
made and cast concrete sewer and culvert pipe 
ranging from 6” to 120” and upward in diameter. 
All Lock Joint Pipe may be designed to comply with 
A.S.T.M., state highway or individual specifications. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 
Beloit, Wisconsin 
Chicago, Illinois 

Rock Island, Illinois 


Valley Park, Missouri 

N. Kansoas City, Missouri 
Tulsa, Oklahoma 
Oklahoma City, Oklahoma 
Wichita, Kansas 

Denver, Colorado 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 
Hato Rey, Puerto Rico 
Ponce, Puerto Rico 


Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 
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...che premium pipe with the 
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The best way to know the results of your industrial waste treatment is to 
hove a permanent record. The kind you get with a W&T O-R-P system 


WALLACE & TIERNAN O-R-P SYSTEM... 
the sure way to treat poisonous plating wastes 


The destruction of cyanides with alkaline chlorination is a con- 
trolled certainty. A W&T Oxidation-Reduction Potential (O-R-P) 
system, automatically controls waste treatment and records the 
results. 

Why use an automatic system? Because there is no overfeeding 
of chemical; no uncertainty of effluent safety. An O-R-P system 
samples the treated waste, controls the feeding of the treatment 
chemicals and records the effectiveness of the treating process. 

That’s why the sure way of treating your industrial waste effec- 
tively is with an O-R-P controlling and recording system. To get 
the O-R-P story and learn how it works in a major industrial 
plant, write for Bulletin I-63.00. 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 


LANCASTER PRESS, INC., LANCASTER, PA. 


